ACTA 

BOTANICA 

ACADEMIAE  SCIENTI ARUM 
HUNGARICAE 


ADIUVANTIBUS 

G.  L.  FARKAS,  G.  FEKETE,  V.  FRENYÓ,  T.  HORTObAGYI, 
P.  JUHÀSZ-NAGY,  I.  MATHÉ,  S.  SARKANY,  T.  SIMON. 

R.  SOÓ,  B.  ZÓLYOMI 


REDIGIT 

P.  JAKUCS 


TOMUS  XXII 


FASCICULI  i 


AKADÉMIAI  KIADÓ,  BUDAPEST 
1976 


ACTA  BOT.  HUNG. 


ACTA  BOTANICA 


A  MAGYAR  TUDOMÀNYOS  AKADÉMI A 
B  OTANIK AI  KOZLEMÉNYEI 

SZERKESZTÒSÉG  ÉS  KIADÓHIV ATAL:  1054  BUDAPEST,  ALKOTMÀNY  UTCA  21. 


Az  Acta  Botanica  német,  angol  francia  és  orosz  nyelven  kòzòl  értekezéseket  a  bota* 
nika  tàrgykòrébol. 

Az  Acta  Botanica  vàltozó  terjedelmu  fiizetekben  jelenik  meg,  tòbb  fiizet  alkot  éven- 
ként  egy  kòtetet. 

A  kozlésre  szànt  kéziratok  a  kòvetkezo  cimre  kùldetìdok: 

Acta  Botanica ,  Budapest  502 ,  Postafiók  24. 

Ugyanerre  a  cimre  kiildendo  minden  szerkesztoségi  és  kiadóhivatali  levelezés. 

Megrendelheto  a  belfold  9zàmàra  az  „Akadémiai  Kiadó”-nàl  (1363  Budapest  Pf  24. 
Bankszàmla  215.11428),  a  kiilfòld  szàmàra  pedig  a  „Kultura”  Kònyv-  és  Hirlap  Kiilkeres- 
kedelmi  Vàllalatnàl  (1389  Budapest  62,  P.  O.B.  149.  Bankszàmla  218-10990)  vagy  annak 
kulfòldi  képviseleteinél,  bizomànyosainàl. 


Die  Acta  Botanica  veròffentlichen  Abbandlungen  aus  dem  Bereiche  der  botaniscben 
Wissenschaften  in  deutscher,  englischer,  franzòsischer  und  russischer  Sprache. 

Die  Acta  Botanica  erscbeinen  in  Heften  wechselnden  Umfanges.  Mehrere  Hefte  bilden 
einen  Band. 

Die  zur  Veròffentlichung  bestimmten  Manuskripte  sind  an  folgende  Adresse  zu 
senden: 

Acta  Botanica ,  Budapest  502t  Postafiók  24. 

An  die  gleiche  Anschrift  ist  auch  jede  ^ur  die  Redaktion  und  den  Verlag  bestimmte 
Korrespondenz  zu  richten.  Abonnementspreis  p^'o  Band:  $  32.00. 

Bestellbar  bei  dem  Buch-  und  Zeitungs-Amsenhandels-Unternehmen  ìKulturat  (1389 
Budapest  62,  P. O.B.  149  Bankkonto  Nr.  218-1099^)  oder  bei  seinen  Auslandsvertretungen 
und  Kommissionaren. 


ACTA 

BOTANICA 

ACADEMIAE  SCI  ENTI  ARUM 
HUNGARICAE 


ADIUVANTIBUS 

A.  B’ORHIDI,  G.  L.  FARKAS,  G.  FEKETE,  V.  FRENYÓ, 

T.  HORTOBÀGYI,  P.  JUHASZ-NAGY,  I.  MATHÉ,  S.  SARKANY, 
T.  SIMON,  R.  SOÓ,  B.  ZÓLYOMI 


REDIGIT 

P.  JAKUCS 


TOMUS  XXII 


ACTA  BOT.  HUNG. 


AKADÉMI AI  KIADÓ,  BUDAPEST 
1976 


I 


- 

I 


INDEX 

Bizot,  M.  Dury ,  M.  N.-  Pócs ,  T. :  East  African  Bryophytes,  II  .  1 

Borbély ,  F.  Borbély ,  I.  —  Elek ,  E.  —  Kecskés,  M.  :  Mass  of  weeds  and  thè  frequency  of  weed 

species  affected  by  herbicides  in  a  lupin  culture-consociation .  269 

Borhidi ,  yl.  Muhiz ,  0.:  Plantes  nuevas  en  Cuba  V  .  295 

Dévay ,  M.  Pàldi,  E.  Kovàcs ,  :  Thermolabile  and  thermostable  interphases  in  thè 

vernalization  of  winter  wheat  (Triticum  aestivum  var.  Bankuti  1201) .  9 

Dézsi ,  L.  — Simon,  T.:  Investigation  of  thè  K-,  Ca-,  P-,  N-  and  aminoacid  content  of  thè 

epiphytic  Hypnum  cupressiforme  .  17 

Draskovits ,  P.  M.  Fekete,  G.  :  Chlorophyll  concentration  and  its  ecological  significance 

in  some  species  in  beechwoods  .  29 

Endrédi,  L.  Horvàth ,  I.  :  Organic  matter  production  and  photosynthetic  energy  utiliza- 

tion  of  a  plant  association  in  loess  grassland  .  39 

Fekete ,  G. -  Précsényi ,  I.  -Molnàr,  E.  Melkó,  E.:  Niche  studies  on  some  plant  species 

of  a  grassland  community  I.  Comparison  of  various  measurements  .  321 

Gónczòl ,  J.  :  Ecological  observations  on  thè  aquatic  Hyphomycetes  of  Hungary,  II  ....  51 

Gònczòl,  J.  :  Clavatospora  flagellata  sp.  nov.  an  aquatic  Hyphoinycete  from  Hungary  .  .  .  355 

Hortobàgyi,  T.:  On  thè  thick-spined  species  of  Micractinium .  361 

Horvàth,  M.M.  -  Nemcsók,  J.  :  Changes  in  thè  peroxidase  enzyme  and  in  its  ability  to  hydroxy- 

late  under  thè  effect  of  actinomycin  D  and  chloramphenicol  in  seedling  bean  plants  367 
Juhàsz-Nagy,  P.  :  Spatial  dependence  of  plant  populations.  Part  I  Equivalence  analysis 

(An  outline  for  a  new  model) .  61 

Kàràsz,  L:  Shrub  layer  phytomass  investigations  in  thè  Quercus  petraea-Qu.  cerris  eco- 

system  of  thè  Sikfòkut  research  area  .  79 

Komàromy,  P.  Zs.:  Soil  algal  growth  types  as  edaphic  adaptation  in  Hungarian  forest  and 

grass  steppe  ecosystems .  373 

Kovàcs  M.:  Die  Bedeutung  der  Balaton-Uferzone  fiir  den  Umweltschutz  am  See .  85 

Kovàts,  D.:  Data  on  thè  taxonomy  and  morphology  of  Phleum  bertolonii  DC.  and  Phleum 

pratense  L .  107 

Lakatos,  Gy.:  On  thè  photosynthesis  and  chlorophyll  efficiency  in  benthonic  communities 

dominated  by  Vaucheria  dichotoma  Agh.  in  lake  Velence  (Hungary) .  381 

Medve,  F.  :  Air  pollution  of  thè  ecosystem  area  of  an  oakwood  and  thè  naturai  3.4  benzo- 

pyrene  content  of  thè  soil  and  plant  samples  in  thè  ecosystem .  393 

Melkó,  E.:  Numerical  taxonomic  studies  on  Iris  pumila  L.  by  cluster  analysis .  403 

Mészàros,  Z.  :  The  Melocactus  species  of  Cuba  .  127 

Nosek ,  J.  N.:  Comparative  analysis  of  some  diversity  functions  under  different  conditions 

of  sampling  in  sandy  meadow  .  415 

Orbàn,  S.  —  Pócs,  T.:  Rhodobryum  ontariense  (Kindb.)  Kindb.  in  Central  Europe .  437 

Peter  fi,  I.  —  Nagy-Tóth,  F.  -  Barna,  A.:  Some  results  of  thè  researches  of  Cluj  concerning 

thè  nutrition  of  algae .  149 


Pócs ,  T.  :  Bioclimatic  studies  in  thè  Uluguru  mountains  (Tanzania,  East  Africa),  II  ....  163 
Précsényi ,  J. — Czimber ,  Gy. —  Csa/a,  G.  —  Szócs,  Z.  —  Molnàr,  E.  —  Melkó ,  E.  :  Studies  on 

thè  growth  analysis  of  maize  hybrids  (OSSK-218  and  DKXL-342)  .  185 

Priszter ,  Sz.  :  tlber  einige  Pflanzen  des  Westlichen  Tienschan,  II .  201 

Roivley ,  J.  R.-Jàrai-Komlódi ,  M. :  Observation  of  one  pollen  grain  by  SEM,  TEM,  and 

ligbt  microscopy  .  449 

Szujkó-Lacza ,  J.  :  The  current  space  demand  and  its  variability  during  development  of 

Pimpinella  anisum  L .  463 

Terpó ,  A.:  The  carpological  examination  of  wild-growing  vine  species  of  Hungary,  I  .  .  .  209 
Wasser,  S.  P.—Garibova,  L.  V.  —  Mokeeva,  V.L.:  Morphometry  of  spores  and  substan- 

tiation  of  a  new  System  in  thè  genus  Agaricus  Fr.  emend.  Karst .  249 

259,  475 


Recensiones 


Acta  Botanica  Academiae  Scientiarum  Hungaricae ,  Tomus  22  (1—2),  pp.  1—8  (1976) 

EAST  AFRICAN  BRYOPHYTES,  II 

COLLECTIONS  MADE  BY  L.  RYVARDEN  IN  MALAWI,  SE  AFRICA 


By 

M.  BlZOT,  M.  N.  DURY  and  T.  PÓCS 

UNIVERSITY  OF  DIJON,  FRANCE  —  TEACHERS’  COLLEGE,  EGER,  HUNGARY 

(Received  January  27,  1976) 


Sixty  species  of  bryophytes  were  collected  by  Dr.  Leif  Ryvarden  (University  of 
Oslo,  Norway)  in  March  1973,  mostly  from  thè  Mulanje  Mountains.  A  great  part  of 
thè  records  is  new  for  thè  country  and  two  species,  Campylopus  flaccidus  (with  a  new 
form)  and  Leucoloma  albocinctum ,  are  new  for  thè  African  continent,  previously  known 
only  from  Madagascar  and  from  thè  Mascarenes.  The  largest  group  of  10  species  is 
distributed  in  SE  Africa.  4  were  known  from  South  Africa  only,  9  are  East  African, 
3  afromontane,  2  afroalpine  and  thè  others  have  a  wider  distribution. 


Introduction 

Dr.  Leif  Ryvarden,  a  mycologist  from  Oslo  University,  Norway, 
accompanied  by  Enar  Sahlin,  a  phanerogam  botanist  from  Goteborg  Uni¬ 
versity,  Sweden,  visited  thè  southern  part  of  Malawi  in  March  1973.  As  Malawi 
is  a  bryologically  neglected  country,  Dr.  Ryvarden  kindly  offered  to  collect 
some  bryophytes  which  were  sent  us  for  identification,  for  which  we  express 
our  gratitude.  We  are  also  indebted  to  Drs.  R.  Grolle  (Jena),  J.  Vana 
(Praha),  and  to  Professors  J.  L.  De  Sloover  (Namur)  and  C.  Vanden  Berghen 
(Louvain)  for  their  kind  help  in  identifying  or  revising  some  problematic 
taxa.  If  not  otherwise  stated,  thè  Hepatics  were  identified  by  T.  PÓCS  and  thè 
Musei  by  M.  Bizot  and  Mlle  M.  N.  Dury. 

Ten  of  thè  60  species  have  already  been  published  in  Bizot  and  Pócs  (1974), 
viz.:  Gottschelia  schizopleura ,  Schistochila  limbata ,  Ptychanthus  striatus ,  Metz- 
geria  hamata ,  Campylopus  procerus ,  Rhizogonium  spiniforme ,  Rhacocarpus 
purpurascens ,  Trachypodopsis  laxoalaris ,  T.  serrulata  var.  serrulata  and  Rigo- 
dium  kilimandscharicum . 

In  thè  enumeration  thè  locality  number  and  thè  collecting  number  of  Dr. 
Ryvarden  are  given  after  thè  species  name.  The  name  of  thè  geographical 
element,  to  which  thè  species  belong,  is  stated  in  brackets.  Thereafter  we  have 
given  thè  known  distribution,  using  thè  abbreviations  published  in  our  East 
African  Bryophytes  7,  pages  397  and  399. 
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Fig.  1.  Likabula  Yalley  seen  from  thè  West.  Phot.  E.  Sahlin 


The  collecting  localities 

1.  Mulanje  Mountains,  Likabula  Yalley.  at  900  — 1600  m  altitude,  submontane  and  mon¬ 
tane  evergreen  forests.  Most  of  thè  specimens  reported  in  this  paper  were  collected  below  thè 
steep  cliff  on  thè  left  in  Fig.  1.  The  locality  lies  at  15°55’  S  and  at  35°30’  E.  Date:  9  —  10  March 
1973. 

2.  Mulanje  Mountains,  Lichenya  Plateau,  at  1800  —  2000  m  altitude.  The  plateau,  often 
covered  by  mist,  is  rich  in  moorland  and  peat  bog  vegetation,  with  scattered  forests  along 
thè  streams.  The  emergent,  rocky  parts  are  dominated  by  a  shrub-like  monocotyledon,  Vellozia 
splendens  (see  Fig.  2).  The  locality  lies  at  15°58’  S  and  at  35°30’  E.  Date  of  collection:  9  — 10 
March  1973. 

Chapman  and  White  (1970:  162  —  163)  describe  Mt.  Mulanje  as  follows:  “Mt.  Mlanje 
is  situated  in  thè  south-east  corner  of  Malawi,  dose  to  thè  Mozambique  border  .  .  .”  “Mt. 
Mlanje  is  thè  most  prominent  mountain  feature  in  south-central  Africa.  An  isolated  massif 
of  about  500  square  kilometres  (200  square  miles),  it  rises  abruptly  to  nearly  2450  in  .  .  . 
above  thè  surrounding  plains,  which  lie  at  a  generai  level  of  600  m  .  .  .  Mt.  Mlanje  consists 
essentially  of  a  large  syenitic  intrusion  .  . 

“  .  .  .  Lichenya  Plateau,  which  faces  south-east,  has  a  main  annual  rainfall  of  3108  inni, 
with  643  mm  falling  in  thè  dry  season.  At  thè  foot  of  thè  mountain  below  Lichenya  .  .  .  thè 
mean  annual  rainfall  is  2425  mm  with  no  month  receiving  less  than  50  mm.” 

3.  Thyolo  District,  Thyolo  (Cholo)  Mt.,  at  1100 — 1400  m  altitude,  16°5’  S  —  35°4’  E. 
Date:  13  March  1973.  “The  forest  of  thè  main  block  is  Chrysophyllum  gorungosanum  sub¬ 
montane  forest”  (1.  c.  page  156).  “The  Shire  Highlands  lie  to  thè  south  of  Zomba  Mt.  .  .  . 
Their  western  ridge  overlooks  thè  Rift  Yalley.  The  highest  part  of  thè  escarpment  is  formed 
by  Cholo  Mt.  (1.  c.  page  154).  The  main  annual  rainfall  varies  between  1200—1300  mm  and 
thè  mist  effect  is  also  significant  according  to  thè  available  data. 
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Fig.  2.  Rocky  vegetation  dominated  by  Vellozia  splendens ,  in  thè  higher  parts  of  Lichenya 

Plateau.  Phot.  E.  Sahlin 

List  of  species 

HEPATICAE 

Telaranea  nematodes  (Gottsche  ex  Aust.)  Howe  Syn.:  T.  sejuncta 
(Angstr.)  S.  Arnell  —  2:  11770  (Oceanie  cosmopolite,  in  Africa:  Cape,  Nat, 
Tvl,  SE-Zre,  Kil). 

Kurzia  tabularis  (St.)  Grolle  —  1:  11734/B  (South  Africani  Cape). 
Bazzania  adnexa  (Mont.)  Trev.  Syn.:  B.  decrescens  (Lehm.  et  Lindenb.) 
Trev.  —  2:  11790  (Palaeotropic:  in  Africa  Nat,  Tvl,  Por,  Wus,  Ulu,  Kil, 
Ruw,  Comores,  Mad,  Réu). 

Calypogeia  arguta  Nees  et  Mont.  ex  Nees  —  2:  11770/B  (Oceanie  cosmo¬ 
polite,  in  Africa:  Canaries,  Kil,  SE-Zre,  Swz,  Tvl,  Nat,  Cape,  Mad,  Réu). 

Cephaloziella  kiaerii  (Aust.)  S.  Arn.  —  1:  11731/C,  det.  J.  Vana  (South- 
east  Africani  Cape,  Nat,  Tvl,  Moz). 

Jungermannia  borgenii  Gott.  —  1:  11734/C,  det.  J.  Vana  (Afromontane: 
Cam,  Nig,  S — T,  Congo,  Zre,  Z,  Uga,  K,  T,  Rwa,  Mal,  Botswana,  Ang,  SAf, 
Mad,  Réu,  Mau). 
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Jungerniannia  sphaerocarpa  Hook.  —  1:  11731/A,  det.  J.  Vana  (Hol- 
arctic,  in  Africa  altimontane:  Cam,  Muh,  Niragongo,  Elg,  Ruw,  Kil,  Mad, 
Réu). 

Plagioehila  crispulo-caudata  Gottsche  —  3:  11629  (South-east  African: 
Cape,  Nat,  Tvl,  Rho,  Mal:  Zomba  Mts.,  E-Zre,  Ulu,  Mad). 

Plagioehila  heterostipa  Steph.  —  1:  11745  (South-east  African:  Cape,  Nat, 
Tvl,  Swz,  Rho,  Ang,  S  and  E  Zre,  Mal:  Zomba  Mts.,  Shire  Hlds,  Mul;  Bur, 
Mad). 

Plagioehila  lastii  Mitt.  —  1:  11756  (East  African  montane  element:  Uga, 
Ken,  Rwa,  Kil,  WUs,  Usa,  Mul,  Tvl). 

Radula  boryana  (Web.)  Nees  —  2:  11796/A  (Pantropical). 

Frullania  angolata  Mitt.  —  3:  11627,  det.  C.  Yanden  Berghen  (Afro¬ 
montane:  S-T,  F-P,  Ann,  Cam,  Zre,  Ang,  Mer,  Kil,  Usb,  Por,  Mad). 

Frullania  areeae  (Spreng.)  Gottsche  —  3:  11625,  det.  C.  Vanden  Berghen 
(Pantropical). 

Frullania  serrata  Gottsche  —  2:  11790/B  (Palaeotropical,  in  Africa:  Cape, 
Nat,  Tvl,  Rho,  Zre,  Ulu,  Usb,  Kil,  Kas). 

Aplianolejeunea  eapensis  (S.  Arnell)  S.  Arnell  —  2:  11796/B,  on  leaves 
and  stems  of  Radula  boryana  (South  African:  Cape,  Tvl). 

Microlejeunea  africana  Steph.  —  2:  11796/C,  on  Radula  boryana  (Afro¬ 
montane,  widespread  in  tropical  and  South  Africa). 

Symphyogyna  podophylla  (Thunb.)  Nees  et  Mont.  —  2:  11770  (Pan¬ 
tropical,  widespread  in  tropical  and  in  South  Africa). 

Asterella  wilmsii  (Steph.)  S.  Arri.  —  1:  11738,  det.  R.  Grolle  (South 
African:  Cape,  Nat,  Tvl,  Swz,  Rho,  Moz,  Mad?). 

MUSCI 

Fissidens  asplenioides  Hedwr.  —  2:  11798  (Pantropical). 

Fissidens  ovatus  Brid.  var.  ocliroloina  Ren.  et  Card.  —  1:  11755  (Dis- 
junct  African  element:  Agores,  South  Africa,  East  Africa,  Mascarenes). 

Fissidens  pluinosus  Hornsch.  —  1:  11746  (South-east  African:  Cape,  Tvl, 
Rho:  Inyanga;  Ulu). 

Dicranella  subsu  boiata  (Hpe)  Jaeg.  —  2:  11784  (South-east  African: 
Cape,  Nat,  Rho:  Inyanga,  Ulu). 

Canipylopodium  euphorocladum  (C.  Muli.)  Besch.  —  2:  11771/A  (Palaeo¬ 
tropical,  in  Africa  only:  Abe,  Kil). 

Cainpylopus  flaccidus  Ren.  et  Card.  fo.n.  epilosa  Bizot  —  2:  11775. 
A  typo  differt  foliis  apicibus  sine  acumine  hyalino,  cellulis  tenuibus  (Iiolo- 
type:  0).  (The  species  is  knowrn  only  from  Madagascar:  Betsileo.) 

Campylopus  incliangae  (C.  Miill.)  Par.  —  1:  11737,  11758;  2:  11767 
(South-east  African:  Cape,  Nat,  Tvl,  Rho,  Mal,  Moz). 
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Campylopus  polytrichoides  De  Not.  —  1:  11726/A;  2:  11767/B  (Oceanie 
cosmopolite). 

Leucoloma  albocinctum  Ren.  et  Card.  —  2:  11769  (Known  only  from 
Mad  agascar  and  from  thè  St.  Marie  Island). 

Leucoloma  aspericuspes  P.  Varde  —  2:  11794,  11797  (East  African 
montane  elcment:  Ken,  WUs,  Kan,  Ulu). 

Leucoloma  liolstii  Broth.  —  1:  11732  (East  African  montane  elementi 
WUs). 

Leucobryum  acutifolium  Broth.  —  1:  11728/A  (South-east  African:  Nat?, 
Usa,  Mad). 

Leucobryum  cuculiatimi  Broth.  —  1:  11728  (EAf  montane:  Usb). 

Didymodon  afro-rubellus  Broth.  et  Wag.  ex  Dix.  —  1:  11739  (South 
African:  Nat). 

Hyopliila  cyathiformis  (Dix.)  Sim.  —  1:  11747  (South-east  African:  Cape, 
Nat,  Tvl,  Rho,  Z). 

Brachymenium  acuminai  uni  (Hedw.)  Kindb.  —  2:  11786,  11787  (Pan- 
tropical). 

Bryum  alpi  mi  in  Rehm.  ex  C.  Miill.  —  2:  11782  (Cosmopolite). 

Bryum  argenteum  Hedw.  var.  binatimi  (P.  Beauv.)  Hampe  —  2:  11789 
(Cosmopolite). 

Philonotis  bastata  (Dub.)  Wijk.  et  Marg.  —  2:  11771,  11785  (Pan- 
tropical). 

Breutelia  gnaplialea  (P.  Beauv.)  Mitt.  —  1:  11725,  det.  J.-L.  De  Slover. 
A  Malgassian  species  already  published  from  thè  Lichenya  Plateau  by  E.  B. 
Bartram  (1953:  194)  with  a  question  mark. 

Schlotheimia  laetevirens  Broth.  —  3:  11628  (EAf  montane:  Usb). 

Calyptothecium  hoehnelii  (C.  Miill.)  Argent.  Syn.:  Renauldia  hoehnelii 
(C.  Miill.)  Broth.  —  2:  11763  (Widespread  in  East  and  in  South  Africa). 

Pilotrichella  ampullacea  (C.  Muli.)  Jaeg.  —  1:  11733,  11747;  2:  11791 
(EAf  montane:  Abe,  Ken,  Kil,  Usb,  Kan,  Ulu,  Shl,  Comores). 

Papillaria  africana  (C.  Miill.)  Jaeg.  —  1:  11750;  2:  11779  (Tropical 
African,  widespread). 

Aerobryidium  subpiligerum  (Hpe.)  Card.  —  1:  11757  (EAf  montane: 
Kil,  EUs,  Ulu,  SH1,  Mad,  Réu,  Comores). 

Porothamnium  hildebrandtii  (C.  Miill.)  Fleisch.  —  1:  11735/B  (Wide¬ 
spread  in  tropical  and  in  South  Africa). 

Hypopterygium  mildbraedii  Broth.  —  1:  11749  (EAf  montane:  Elg,  Kar, 
Kil,  Ulu). 

Hypopterygium  viridissimum  C.  Miill.  —  1:  11751;  2:  11793  (Widespread 
in  tropical  America  and  in  Africa). 

Ectropothecium  regulare  (Brid.)  Jaeg.  —  2:  11798  (Tropical  African: 
Cam,  Gah,  Zre,  EUs,  Ulu,  Cape,  Nat,  EAf  islands). 
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Hypnum  aduncoides  (Brid.)  C.  Muli.  —  2:  11788  (Palaeotropical:  Cape, 
Nat,  Tvl,  Mad,  Réu,  India). 

Atrichum  androgynum  (C.  Muli.)  Jaeg.  —  1:  11735/A  (South-east  Africani 
Cape,  Nat,  Zul,  Tvl,  Rho). 

Polytrichum  commune  Hedw.  —  2:  11768  (Cosmopolite). 

The  above  specimens  are  deposited  in  thè  herbaria  of  0,  Egr  and  some 
mosses  in  thè  herbarium  of  Professor  M.  Bizot. 


Phytogeograpliical  distrih utio n 


The  60  species  were  analysed  as  to  geographical  distribution: 


South-east  African  elements: 

South  African  elements: 
East  African  montane: 
Afromontane 
Afroalpine: 

Tropical  African: 
Madagascan  (Malgassian) 
Palaeotropical: 

Neotropical: 

Pantropical: 

Cosmopolitan  elements: 

Holarctic: 

Subantarctic: 

Disjunct: 


10  species,  of  which  3 
also  occur  in  Madagascar 
4  species 
9  species 

3  species 

2  species 

4  species 

3  species 
7  species 
1  species 
7  species 

7  species,  of  which  4  with 
Oceanie  character 
1  species 
1  species 
1  species 
60  species 


The  geographical  position  of  thè  Mulanje  Mountains  is  of  course  reflected 
in  thè  high  number  of  South-east  African  species.  However,  there  are  also  im- 
portant  East  African  montane  and  alpine  elements,  besides  some  South  African 
species.  This  pattern  of  distribution  has  analogues  among  thè  higher  plants. 
Thus,  within  thè  Cupressaceae  these  mountains  are  thè  meeting  place  of  thè 
South  African  genus  Widdringtonia ,  represented  by  thè  endemie  W.  whytei ,  and 
of  thè  northern  Juniperus  excelsa ,  widespread  in  thè  East  African  mountains 
(Kerfoot  1975:  147).  The  two  afroalpine  species:  Campylopus  procerus  (C. 
Muell.)  Par.  and  Trachypodopsis  laxoalaris  Broth.  have  in  Malawi  an  isolated 
occurrence  (see  Bizot  and  Pócs  1974:  419,  431).  The  presence  of  Malgassian 
elements,  like  Campylopus  flaccidus  Ren.  et  Card.,  Leucoloma  albocinctum 
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Fig.  3.  Distribution  of  East  African  montane  elements:  Plagio- 
chila  lastii  Mitt.  (full  circle)  and  Leucoloma  aspericuspis  P.  Varde 
(open  circle) 


Fig.  4.  Distribution  of  a  South-east  African  element:  Dicranella 
subsubulata  (Hpe.)  Jaeg.  (full  circle)  and  of  a  Malgassian  element: 
Breutelia  gnaphalea  (P.  Beauv.)  Mitt.  (triangle) 
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Ren.  et  Card,  and  Breutelia  gnaphalea  (P.  Beauv.)  Mitt.,  in  thè  old  crystalline 
massifs  in  East  Africa  has  a  great  significance  from  thè  historical  point  of 
view,  as  discussed  by  Pócs  (1975:  127 — 128).  Their  róle  in  thè  Mulanje  Moun- 
tains  seems  less  important  than  in  thè  mountains  of  Eastern  Tanzania. 
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THERMOLABILE  AND  THERMOSTABLE 
INTERPHASES  IN  THE  VERNALIZATION  OF  WINTER 
WHEAT  (TR1TICUM  AESTIYUM  YAR.  BANKÙTI  1201) 

By 

M.  DÉYAY,  E.  PÀLDI  and  I.  KOVACS 

AGRICULTURAL  RESEARCH  INSTITUTE,  HUNGARIAN  ACADEMY  OF  SCIENCES,  MARTONVÀSÀR 
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The  nuinber  of  thermostable  and  thermolabile  interphases  brought  about  by  thè 
vernalization  of  winter  wheat  (Triticum  aestivum  var.  Bànkùti  1201)  has  been  examined 
by  means  of  “kinetic  analysis”  experiments  using  vernalization,  devernelization  and 
revernelization. 

The  development-accelerating  effect  of  vernalization  can  be  reversed  by  36  hours’ 
treatment  at  32°C.  The  successfulness  of  devernalization  depends  on  thè  duration  of 
thè  foregoing  vernalization.  The  data  suggest  that  several  thermostable  and  thermo¬ 
labile  interphases  occur  in  thè  course  of  thè  vernalization  of  winter  wheat.  The  complete 
reversibility  during  thè  early  stages  of  vernalization  indicates  that  thè  processes  which 
take  place  at  thè  beginning  of  vernalization,  and  also  their  end-products,  are  sensitive 
to  temperature.  After  this  thè  first  thermostable  interphase  may  come  into  existence, 
follow'ed  by  yet  another  thermolabile  phase.  The  thermostable  end-phase  is  formed  after 
vernalization,  and  siinultaneously  indicates  thè  stabilization  of  thè  vernalization  effect. 
The  approximate  position  of  thè  thermostable  interphase  in  thè  course  of  vernalization 
also  has  been  discussed. 


Introduction 

The  word  “morphogenesis66  means  in  generai  thè  organization  of  certain 
organ.  The  authors  agree  with  Bopp  (1963)  that  morphogenesis  should  be 
considered  to  include  all  thè  processes  of  developmental  morphology  which 
result  in  differentiation.  Therefore,  not  only  thè  appearance  of  thè  growing 
organs,  but  also  thè  processes  which  prepare  for  or  make  possible  this  growth 
may  be  classified  as  morphogenesis.  These  processes  are  influenced  by  certain 
external  and  internai  factors. 

Naturally  this  immediately  raises  thè  question  of  what  connection  there 
is  between  thè  mechanisms  affected  by  ecological  factors  and  those  provoking 
morphogenetic  processes.  The  reaction  System  produced  by  environmental 
effect  can  only  be  directly  connected  with  thè  morphogenesis  in  exceptional 
cases.  In  most  cases  it  causes  thè  formation  of  such  functions  as  result  in 
responses  by  initial  cells  (Bopp  1963).  From  this  viewpoint  thè  mechanism 
controlled  by  external  environmental  conditions  can  be  interpreted  as  a  locking 
System  which  opens  and  closes  one  or  more  channels.  What  flows  through 
these  channels  depends  on  thè  genetic  characteristic  of  thè  celi  (Mohr — 
Ohlenroth  1962). 
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The  investigation  of  one  of  thè  fundamental  phases  of  morphogenesis 
—  thè  transition  from  thè  vegetative  to  thè  reproductive  stage  —  has  been  in 
progress  for  a  long  time,  and  considerable  progress  has  been  made  in  recent 
decades.  Of  exceptional  interest  in  this  respect  is  thè  clarification  of  thè  process 
concerning  thè  accelerated  induction  of  ripeness  to  flower  by  exposure  to 
cold  in  cold-requiring  plants.  This  process,  which  ranks  without  doubt  as  one 
of  thè  most  interesting  problems  of  morphogenesis,  is  known  as  vernalization. 
Vernalization  is  essentially  thè  acceleration  of  plant  development  due  to  thè 
cold  effect.  It  is  a  prerequisite  for  flower  formation  and  makes  thè  plants 
“capable  of  responding  to  thè  photoperiod”. 

It  is  a  significant  paradox  of  vernalization  that  an  environmental  con- 
dition,  low  temperature,  which  generally  reduces  thè  intensity  of  physiological 
processes,  exerts  a  favourable  effect  upon  one  of  thè  stages  in  plant  devel¬ 
opment. 

The  greatest  vernalization  effect  is  usually  achieved  by  employing  tem- 
peratures  immediately  above  thè  freezing  point  of  water.  In  cereals,  thè  lower 
limit  for  thè  active  vernalization  temperature  is  generally  — 3°C  and  thè 
upper  limit  10°C  (Razumov  1961).  The  temperature  range  10 — 20°C  is  neutral, 
exhibiting  no  vernalization  effect.  The  cold-induced  “ripeness  to  flower”  can, 
in  thè  majority  of  cold-requiring  plants,  be  annulled  under  certain  condi- 
tions  by  thè  action  of  heat  (about  3  days  at  25 — 40°C).  This  phenomenon  is 
called  devernalization.  Devernalization  is  not  able  to  produce  a  permanent 
state.  This  is  confirmed  by  thè  renewed  vernalizability  at  low  temperature  of 
plants  devernalized  by  heat.  This  renewed  vernalization  of  devernalized  plants 
is  known  as  revernalization.  (Gregory — Purvis  1945,  1948,  Efeykin  1947, 
Razumov  1950,  Friend — Purvis  1963,  Napp-Zinn  1953,  1957). 

Attempts  to  compile  a  mechanism  for  vernalization  have  been  based 
primarily  on  thè  temperature-dependences  of  thè  vernalization,  devernaliza¬ 
tion  and  revernalization  processes.  The  experiments  which  have  been  carried 
out  under  thè  heading  of  “kinetic  analysis”  have  at  last  provided  an  explana- 
tion  for  thè  paradoxical  situation  which  exists  for  vernalization.  The  key  to 
thè  situation  lies  in  thè  fact  that  thermolabile  and  thermostable  intermediate 
stages  are  involved  in  thè  process. 

The  satisfaction  of  thè  cold  requirement  may  be  provisionally  described 
as  a  reaction  A  — ►  B.  B  characterizes  thè  end-product  of  vernalization  and 
may  include  thè  existence  of  a  certain  flowering  hormone,  or  of  its  precursor, 
or  of  an  enzyme  or  group  of  enzymes  which  is  able  to  synthesize  thè  substances 
that  control  thè  flower  initiation  even  at  higher  temperatures.  If  it  is  missing 
from  thè  System,  e.g.  from  cold-requiring  plants  B  can  only  be  synthesized  at 
low  temperatures,  probably  in  several  steps.  Purvis  (1961)  designated  these 
preceding  steps  as  A  and  postulated  that  in  thè  actual  low  temperature  stage 
only  thè  change  A  — ►  À  takes  place.  This  proved  to  be  reversible  at  high  tem- 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


VERNALIZATION  OF  WINTER  WHEAT 


11 


peratures,  thus  devernalization  and  revernalization  are  possible.  Other  authors 
(Melchers  1952,  Friend — Purvis  1963)  postulate  a  threefold  reaction  with 
various  temperature  dependencies.  The  vernalization  process  can  be  described 
by  thè  following  formula: 


A  precursor 


intermediate 

products 


B  end-products 

temperature  damage  to 
thè  intermediate  products 


where  process  III,  which  represents  thè  decomposition  of  thermolabile  inter¬ 
mediate  products  at  thè  devernalization  temperature,  has  a  higher  tempera¬ 
ture  coefficient  than  processes  I  and  II.  In  thè  course  of  successful  vernaliza¬ 
tion  a  thermolabile  intermediary  product  is  synthesized,  which  is  capable  of 
reacting  in  two  ways:  at  low  temperatures  it  is  mainly  involved  in  thè  syn- 
thesis  of,  for  example,  a  hypothetical  thermostable  flowering  hormone  such  as 
vernalin,  whereas  at  higher  temperatures  another  process  dominates,  in  which 
thè  intermediate  product  is  rendered  useless  for  thè  synthesis  of  substances 
controlling  flower  initiation.  In  plants  not  requiring  low  temperatures  thè  end- 
product  is  either  originally  present,  or  its  synthesis  is  ensured  even  at  higher 
temperatures. 

Naturally  it  is  an  over-simplification  to  assume  only  two  coinpeting  processes. 
The  reai  state  may  be  considerably  more  complicated.  The  various  cold-requir- 
ing  plants,  such  as  Hyoscyamus  niger ,  Secale  cereale  and  Arabidopsis  thaliana , 
differ  in  thè  number  of  thermolabile  and  intercalated  thermostable  stages 
involved  in  thè  process  of  vernalization  (Napp-Zinn  1973). 

In  thè  present  paper  results  concerning  thè  thermolabile  and  thermostable 
interphases  in  thè  vernalization  of  winter  wheat  ( Triticum  aestivum  var. 
Bànkuti  1201)  are  summarized.  The  number  of  thermostable  and  thermolabile 
interphases  brought  about  by  thè  vernalization  of  winter  wheat  has  been 
elucidated  in  part  by  means  of  “kinetic  analysis”  experiments  using  vernaliza¬ 
tion,  devernalization  and  revernalization. 


Material  and  methods 

(a)  Vernalization,  devernalization,  revernalization.  Seedlings  of  winter  wheat  ( Triticum 
aestivum  var.  Bànkuti  1201)  were  used  in  thè  experiments.  After  sterilization  in  bromine  w  ater 
thè  seeds  were  germinated  for  36  hours  at  20°C.  The  vernalization  of  thè  germs  was  carried 
out  in  a  refrigerator,  at  0°  to  —  1°C.  At  this  temperature  vernalization  proceeds  at  a  normal 
rate  with  celi  division  practically  at  a  standstill  (DÉvay  1962).  The  oxygen  required  for  ver¬ 
nalization  was  provided  by  frequent  ventilation.  The  germs  were  vernalized  for  0,  7,  14,  21, 
28,  35,  42,  49,  56,  63,  70  and  77  days,  respectively.  After  thè  vernalization  period  thè  germs 
were  devernalized  for  0  and  36  hours  at  32°C  with  an  unrestricted  supply  of  water.  Some  of 
thè  devernalized  germs  were  then  revernalized  for  7,  14,  21,  28,  35,  42,  49  and  56  days  at  0° 
to  —  1°C  in  a  refrigerator. 
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The  vernalized,  de-  and  revernalized  germs  were  planted  in  perlite  and  grown  in  a 
climatic  chamber  at  17°C  and  a  light  intensity  of  85,000  erg  cm-2  sec-1  with  continuous 
light  until  thè  appearance  of  thè  flower  primordia. 

(b)  Determination  of  thè  vernalization  effect.  There  is  no  specific  easily  examined 
property  which  can  he  used  for  thè  determination  of  thè  vernalization  effect,  since  thè  ripe- 
ness  to  flower  produced  by  thè  cold  treatment  does  not  manifest  itself  morphologically  in  thè 
plants.  Thus,  up  to  thè  present  time  only  indirect  methods  are  available  for  thè  determination 
of  thè  vernalization  effect.  The  most  comm  only  used  procedures  are  thè  so-called  “final  leaf 
number”  method  (Purvis  1934)  and  methods  which  ineasure  thè  velocity  of  development. 

In  our  experiments  thè  progress  of  vernalization  was  characterized  both  by  thè  “final 
leaf  number”  method,  and  by  thè  number  of  days  necessary  from  thè  end  of  thè  treatment 
to  thè  appearance  of  flower  buds.  Five  samples  were  taken  from  thè  experimental  plant  material 
weekly  and  thè  developrnental  stage  of  thè  shoot-tips  was  deterinined.  After  tlie  initiation  of 
spikelet  differentiation  thè  interval  between  samples  was  shortened  to  1  —  2  days,  and  thè 
number  of  plants  tested  was  increased  to  25.  In  this  way  it  proved  possible  to  determine  thè 
time  when  fiorai  primordia  appeared  to  within  2—3  days.  The  time  at  which  fiorai  primordia 
had  appeared  on  50%  of  thè  plants  was  used  to  diagnose  thè  development-acceleration  effect 
of  vernalization. 


Results  and  discussimi 

Low  temperature  treatment  results  in  a  shortening  of  development  period 
in  Bànkuti  1201  w  inter  wheat.  The  number  of  days  necessary  before  thè 
appearance  of  fiorai  primordia  in  non-vernalized  plants  is  230,  as  compared  to 
44  in  tliose  which  are  completely  vernalized.  In  germs  vernalized  at  0°  to  — 1°C 
(Fig.  1)  49  days  are  necessary  for  thè  complete  satisfaction  of  thè  cold  require- 
ment  (i.e.  until  further  cold  treatment  is  ineffective  in  shortening  thè*  time 
required  before  thè  appearance  of  fiorai  primordia). 

Compared  to  thè  non-vernalized  control  thè  final  leaf  number  (i.e.  thè 
number  of  leaves  formed  on  thè  mairi  shoot  before  heading)  decreased  under 
thè  influence  of  vernalization  (Fig.  1).  The  shortening  of  thè  time  necessary 
for  flower  initiation  and  thè  decrease  in  final  leaf  number,  taken  as  a  function 
of  vernalization  level,  both  give  S-shaped  curves. 

The  development-accelerating  effect  of  vernalization  can  be  reversed 
by  36  hours’  treatment  at  32°C.  The  successfulness  of  devernalization  depends 
on  thè  duration  of  thè  foregoing  vernalization.  The  reversibility  of  thè  vernaliza¬ 
tion  effect  was  variable;  it  could  be  reversed  more  completely  at  thè  beginning 
of  thè  vernalization  treatment  (Table  1). 

The  complete  reversibility  demonstrated  in  winter  wheat  (Tetyurev 
1941)  could  be  observed  here  only  during  thè  first  half  of  thè  vernalization, 
after  7,  14  and  21  days’  cold  treatment.  Following  this  successful  devernaliza¬ 
tion  thè  plants  can  be  revernalized  by  a  renewed  cold  treatment.  The  time 
required  for  thè  revernalization  was  thè  same  as  that  required  for  vernalization 
itself  under  normal  conditions.  During  thè  second  half  of  vernalization  thè 
devernalizability  decreases  stepwise.  After  28,  35,  42  and  49  days’  cold  treat¬ 
ment  thè  number  of  days  necessary  before  thè  appearance  of  fiorai  primordia 
remained  almost  Constant,  irrespective  of  thè  duration  of  thè  foregoing  vernal¬ 
ization  and  a  uniforin  16  days’  revernalization  was  required.  A  prolonged  cold 
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Fig.  1.  Cold-induced  acceleration  of  thè  “ripeness  to  flower”  in  winter  wheat  (T.  aestivum 
var.  Bànkuti  1201).  Gerrns  vernalized  in  a  refrigerator  at  0°  to  —  1°C  were  planted  in  perlite 
and  grown  in  a  climatic  chamber  at  17°C  at  a  light  intensity  of  85,000  erg  cm-2  sec-1  with 
continuous  light  until  thè  appearance  of  thè  fiorai  primordia  or  until  thè  earing.  The  progress 
of  vernalization  was  characterized  by  thè  number  of  leaves  formed  on  thè  main  shoot  before 
earing  (i.e.  final  leaf  number)  as  well  as  by  thè  number  of  days  necessary  from  thè  end  of 
cold  treatment  to  thè  appearance  of  fiorai  primordia  (i.e.  days  necessary  to  flower  initiation) 


Tahle  1 


Correlation  between  thè  devernalizability  of  ivinter  wheat  (Triticum  aestivum  var.  Bànkuti  1201) 
and  thè  foregoing  vernalizing  effect  of  cold  treatment 


Duration  of  thè  foregoing 
vernalization  in  days 

Number  of  days  necessary  before 
thè  appearance  of  fiorai  primordia 

Residuai  effect 
equivalent  .  .  . 
days  cold 
treatment 

Time  required 
for  complete 
revernalization 
in  days 

not  devernalized 

X 

devernalized 

X 

± 

Vernalization  0 

232 

233 

3.5 

0 

48-50 

7 

225 

233 

3.5 

0 

48-50 

14 

217 

228 

3.0 

0 

48-50 

21 

174 

228 

3.0 

0 

48-50 

28 

100 

110 

2.5 

24 

18 

35 

60 

90 

2.5 

29 

16 

42 

50 

89 

2.0 

30 

16 

49 

44 

85 

1.5 

31 

16 

Stabilization  56 

43 

83 

1.5 

31 

16 

63 

44 

83 

1.5 

31 

16 

70 

43 

46 

1.5 

45 

5 

77 

44 

43 

1.5 

49 

0 
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treatment  of  thè  variety  further  decreased  thè  devernalizability,  and  after  11 
weeks  high  temperature  was  without  effect  (Table  1). 

The  devernalization  ability  cannot  be  increased  even  by  means  of  a 
longer  devernalization  period.  Heat  treatment  longer  than  36  hours  had  no 
further  influence  on  thè  degree  of  devernalization  (Table  2). 

Table  2 

The  effect  of  prolonged  heat  treatment  on  thè  devernalizability  of  fully  vernalized 
winter  wheat  ( Triticum  aestivum  var.  Bànkuti  1201  ) 


Duration  of  thè 
heat  treatment 
in  hours 

Number  of  days  necessary 
before  thè  appearance 
of  fiorai  primordia 

Time  required  for 
revernalization  in 
days 

X 

± 

0 

44 

1.5 

10 

24 

81 

1.5 

16 

36 

80 

1.5 

16 

48 

82 

1.5 

16 

72 

83 

1.5 

16 

The  data  suggest  that  some  thermostable  and  thermolabile  interphases 
occur  in  thè  course  of  thè  vernalization  of  Bànkuti  1201  winter  wheat.  The 
complete  reversibility  at  thè  beginning  of  thè  vernalization  indicates  that  thè 
processes  which  take  place  at  thè  beginning  of  vernalization,  and  also  their 
end-products,  are  sensitive  to  temperature.  After  this  thè  first  thermostable 
interphase  may  come  into  existence,  followed  by  yet  another  thermolabile 
phase.  The  thermostable  end-phase  is  formed  after  thè  vernalization,  and  simul- 
taneously  indicates  thè  stabilization  of  thè  vernalization  effect. 

On  thè  basis  of  thè  time  required  after  devernalization  for  successful 
revernalization,  together  with  a  knowledge  of  thè  number  of  days  necessary 
before  thè  appearance  of  fiorai  primordia  in  partially  vernalized  and  devernal- 
ized  plants,  it  is  possible  to  deduce  thè  approximate  position  of  thè  thermo¬ 
stable  interphase. 

Under  normal  conditions  (Fig.  1)  after  24  days’  cold  treatment  thè 
number  of  days  necessary  for  thè  formation  of  fiorai  primordia  is  160,  and  a 
developmental  period  of  90  days  is  required  after  30  days’  exposure  to  low 
temperature.  Plants  vernalized  for  35,  42  and  49  days,  if  devernalized  for  36 
hours  at  32°C,  needed  about  90 — 160  days  from  thè  end  of  temperature 
treatment  to  thè  appearance  of  flower  buds  (Table  l).This  time  was  equiv- 
alent  to  that  required  before  thè  appearance  of  fiorai  primordia  in  plants 
vernalized  for  23 — 30  days.  The  number  of  days  generally  required  for  full 
revernalization  in  these  cases  was  16 — 18.  From  thè  partially  devernalizing 
effect,  and  from  thè  fact  that  thè  plants  required  a  shorter  cold  treatment  for 
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revernalization,  as  mentioned  above,  it  may  be  inferred  that  thè  thermostable 
interphase  is  formed  approximately  between  thè  20th  and  30th  days  of  ver- 
nalization.  Naturally  these  values  are  given  as  a  rough  approximation. 

It  is  certain,  however,  that,  apart  from  thè  final  stabilization  process, 
2  thermolabile  and  one  thermostable  phase  can  be  expected  during  thè  vernal- 
ization  of  winter  wheat  (Fig.  2). 

Vernalization  period  Stabilization  of 

vernalizing  effect 

\ _ /  \ _ / 

thermostable 
end-products 


Products 


precursor  thermolabile 

--  ^  thermostable 

■  thermolabile 

\  intermediate 

intermediate 

\  end-products 

\  products 

products 

temperature 

\  temperature 

damage  to  thè 

V  damage  to  thè 

thermolabile 

^  thermolabile 

intermediate 

end-products 

Fig.  2.  The  approximate  position  of  thermostable  and  thermolabile  interphases  in  thè  course 

of  vernalization 


The  individuai  phases  may  consist  of  one  or  more  series  of  reactions. 
Thus  thè  vernalization  of  Bànkuti  1201  winter  wheat  is  not  fundamentally  a 
single  process,  but,  on  thè  contrary,  it  consists  of  several  phases  connected  hy 
periods  relatively  insensitive  to  temperature. 

It  is  probable  that  thè  winter  wheat  varieties  differ  in  thè  number  of 
thermolabile  and  thermostable  intermediate  stages  involved  in  vernalization, 
as  well  as  in  thè  stabilization  of  thè  vernalization  effect.  The  character  of 
thermolabile  and  thermostable  interphases  in  thè  course  of  vernalization  in 
winter  wheat  cultivars  is  stili  not  known  in  detail,  so  a  great  deal  of  further 
research  work  is  needed.  These  experiments  can  throw  light  not  only  on  plant 
development,  but  also  on  such  important  factors  as  frost  resistance  and  thè 
earliness  of  thè  varieties.  An  exact  knowledge  of  these  mechanisms  is  important 
when  determining  both  thè  orientation  of  a  selectional  programme  and  criteria 
of  selection. 
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As  a  part  of  thè  epiphytic  inoss-phytomass  investigations  carried  out  by  thè 
authors  in  thè  area  of  thè  “Sikfokut  Project”  (Simon  1974),  thè  K-,  Ca-,  P-,  N-  and 
amino  acid  content  of  Hypnum  cupressiforme  has  now  also  been  studied.  The  authors 
deterinined  thè  amount  of  these  elements  in  thè  living  and  dead  fractions  of  thè  moss 
and  in  thè  substrate  bark.  Taking  into  consideration  and  converting  thè  dry  weight 
of  epiphytic  Hypnum  cushions  falling  to  thè  unit  area  of  200  sq.m,  thè  estimated 
values  for  one  hectare  are  thè  following:  about  300  g  potassium,  260  g  calcium,  150  g 
phosphorus,  780  g  nitrogen  and  260  g  amino  acid. 

On  thè  inner  content  of  mosses  (macro-  and  micro-elements,  several 
organic  compounds,  esters,  sucrose  alcohols,  enzymes,  amino  acids,  etc.) 
continually  new  information  is  revealed  by  Chemical  analysis  (Tamm  1954, 
Smith  1955,  Huneck  1969,  1972,  Matsuo  et  al.  1972,  Lewis  1971,  Era- 
metsa — Yliruokanen  1971,  Bendz— Svensson  1971,  Suire  1975,  etc.).  The 
ecology  of  epiphytic  mosses  and  thè  Chemical  composition  of  their  substratum 
are  fully  discussed  in  thè  summarizing  work  of  Barkman  (1958).  On  thè  basis 
of  thè  above  experiences  —  and  taking  into  consideration  thè  nutrient  uptake 
on  thè  whole  body  surface  of  mosses  —  one  may  assume  that  these  elements 
have  a  special  role  in  thè  material  production  of  thè  producent  subsystem  of 
ecosystems,  and  in  its  material  and  energy  cycle. 

To  explore  thè  details  of  this  problem,  a  multi-stage  investigation  was 
planned.  In  1973  we  studied  thè  moss  cover  of  tree  trunks  within  thè  turkey- 
oak  forest  model  area  called  “Sikfokut-Project”  (Jakucs  1973)  near  Eger, 
in  an  area  covering  200  sq.m  ( Quercus  petraea  ssp.  dalechampii).  The  specific 
composition  of  thè  moss  covers,  their  total  surface  and  weight,  and  thè  cover 
and  weight  for  each  species  and  trunk  were  determined  (Simon  1974).  The 
major  part  (49.736  sq.cm),  that  is  94  per  cent  of  thè  epiphytic  moss  cover 
(52.969  sq.cm)  fading  to  thè  given  area,  is  composed  of  Hypnum  cupressiforme. 
Concerning  weight,  this  value  is  even  more  significant,  because  97  per  cent  of 
thè  total  cover  (i.e.  798.99  g)  falls  to  Hypnum  cupressiforme. 

Taking  into  consideration  thè  above,  an  investigation  of  thè  K-,  Ca-, 
P-,  N-  and  amino  acid  content  of  thè  Hypnum- cushions  was  planned.  It  is 

*  “Sikfokut  Project”  No.  16 
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our  opinion  that  within  thè  producent  layer  of  thè  ecosystem  it  may  be  useful 
to  study  thè  special  epiphytic  compartments,  concerning  matter  turnover. 
This  epiphytic  “compartment”  functions  with  its  vast  surface  partly  as  a 
filter  and  partly  as  a  storer  of  matter  in  thè  given  forest  ecosystem. 


Material  and  method 


The  epiphytic  moss  samples  used  in  thè  course  of  Chemical  investigations  originated 
from  thè  material  collected  (Simon  1974)  —  for  thè  purpose  of  phytomass  investigations  — 
in  thè  model  area  called  “Sikfokut  Project”  near  Eger.  The  so-called  mesotypical  samples 
thickness  group  No.  1,  Simon  1.  c.)  originated  from  thè  very  bottom  of  thè  moss  cover.  The 
so-called  xerotypical  samples  (thinner  cover  —  thickness  group  No.  2,  Simon  1.  c.)  were  col¬ 
lected  directly  above  thè  former  ones.  To  sum  up:  three  kinds  of  samples  were  undergoing 
chemical  analysis:  xerotypical  mosses  collected  in  January  (thickness  group  No.  2),  meso¬ 
typical  mosses  collected  in  January  (thickness  group  No.  1)  and  mesotypical  mosses  sampled 
in  May  (thickness  group  No.  1). 

For  chemical  investigation,  thè  air-dry  plant  material  was  ground  to  dust,  each  200  g 
was  put  into  destruction  test-tubes  and  destructed  with  2  mi  of  cc  H2SO,.  To  accelerate  destruc- 
tion,  to  thè  material  being  in  thè  state  of  boiling,  0.5  mi  of  HC104  was  added.  Having  finished 
destruction,  thè  material  was  diluted  with  distilled  water  to  thè  amount  of  20  mi,  and  thè 
total  N-,  P-,  K-  and  Ca-content  of  thè  solution  was  determined.  Nitrogen  was  determined  by 
means  of  thè  Nessler-reaction,  P  by  a  procedure  using  molybdenum-sulphuric  acid,  while  as  a 
reducing  material  eiconogene  was  used.  The  coloured  Solutions  —  obtained  in  thè  course  of 
reactions  —  were  measured  by  thè  help  of  a  spectrophotometer.  The  amounts  of  K  and  Ca 
were  determined  by  using  a  flaine-photometer.  Besides  thè  above-mentioned  elements,  also 
thè  total  amino  acid  content  and  thè  amino  acid  composition  of  thè  moss  and  thè  bark  were 
investigated.  For  thè  purpose  of  this  investigation  (according  to  thè  method  of  Pàlfi. 
1970),  200  mg  plant  material  was  crumbled  and  centrifuged  (8000  r.p.m.).  The  floating  solu¬ 
tion  was  distilled  and  thè  sediment  solved  in  2  mi  fifty  per  cent  ethylalcohol.  0.5  mi  of  this 
solution  was  applied  to  chromatogram  paper  and  chromatographed  in  a  compound  of  buta- 
nol  —  acetic  acid  — water  (proportions  4:1:1),  unwarined,  at  3°C.  The  chromatogram  was 
developed  by  means  of  ninhydrin,  at  65°C. 

To  determine  thè  total  amino  acid  content,  amounts  of  0.05  mi  of  thè  extracts  and 
standard  Solutions  were  applied  to  thè  chromatogram  paper  showing  circlets  with  a  diameter 
of  3  cm.  The  chromatogram  was  developed  by  thè  help  of  cadmium-ninhydrin,  at  80°C,  in 
20  minutes.  The  patches  were  eluated  in  5  mi  fifty  per  cent  methanol.  The  obtained  coloured 
solution  was  measured  by  a  spectrophotometer  402  MOM,  at  520  millimicrons. 

The  elaboration  of  thè  obtained  data  (mean  value,  errors  of  inean  values),  thè  com- 
parison  of  mean  values,  thè  evaluation  of  thè  reliability  of  differences  (t-test)  were  done  by 
thè  usuai  mathematical-statistical  methods  (Svàb  1973).  In  thè  course  of  thè  conversion  into 
unit  areas  of  thè  K-,  Ca-,  P-  and  N-content  of  thè  January  moss  samples  (living  and  dead 
fractions),  thè  phytomass  data  obtained  earlier  (Simon  1974)  were  used.  Since  thè  samples 
belonging  into  thickness  group  No.  3  (Simon  1.,  c.,  p.  346,  Table  3)  were  not  elaborated, 
thè  probable  K-,  Ca-,  P-,  N-  and  amino  acid  content  of  these  was  estimated  on  thè  basis  of 
thè  experiences  of  our  present  data  (=  7.25  mg/air-dry  material.  Ca  =  4.58  mg/air-dry 
material.  P  =  3.14  mg/air-dry  material,  N  =  6.40  mg/air-dry  material,  amino  acid  =  4.21 
mg/air-dry  material). 


Results 

Potassium  appeared  in  all  three  groups  predominantly  in  thè  plant  as 
compared  to  thè  K-content  of  thè  bark  (Table  1).  Within  thè  plant,  thè  highest 
K-content  was  always  found  in  thè  living  fraction.  The  K-content  of  thè  thin¬ 
ner  (xerotypical)  and  thicker  (mesotypical)  samples  collected  in  January 
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Table  1 

K-,  Ca-,  P-  and  N-content  (mg/lg  dry  weight)  of  epiphytic  Hypnum  cupressiforme  cover s. 
their  mean  values  and  thè  errors  of  mean  values  ( s *) 


K 

Ca 

p 

N 

n 

Mean 

X 

sx 

n 

Mean  1 
X 

sx 

n 

1 

Mean 

X 

n 

Mean 

X 

sx 

Hypnum  cupressiforme 

Ii2.  . 

living 

7 

4.10 

0.40 

6 

2.73 

0.12 

18 

1.99 

0.02 

18 

10.17 

0.35 

dead 

7 

3.32 

0.24 

6 

3.48 

0.66 

18 

1.60 

0.02 

18 

7.67 

0.45 

bark 

7 

1.16 

0.15 

6 

11.06 

2.86 

18 

1.08 

0.08 

18 

5.58 

0.31 

Hypnum  cupressiforme 

i/i 

living 

7 

4.04 

0.06 

7 

2.87 

0.11 

9 

2.27 

0.05 

15 

15.94 

0.53 

dead 

7 

3.55 

0.14 

7 

4.97 

0.71 

9 

1.77 

0.05 

15 

13.34 

0.54 

bark 

7 

4.08 

0.22 

7 

7.44 

1.16 

9 

1.12 

0.14 

15 

15.10 

0.27 

Hypnum  cupressiforme 

v/i  . 

living 

4 

3.00 

0.08 

4 

2.32 

0.17 

3 

2.39 

0.08 

12 

13.96 

0.93 

dead 

4 

2.37 

0.20 

4 

3.47 

0.16 

3 

1.90 

0.07 

12 

12.97 

1.21 

bark 

4 

0.76 

0.10 

4 

12.87 

1.52 

3 

0.52 

0.00 

12 

8.21 

0.53 

proveci  to  be  nearly  similar,  but  thè  potassium  content  of  thè  bark  was  con- 
siderably  higher  underneath  thè  thicker  cushions  (Table  2).  If  we  compare 
thè  January  xerotypical  and  thè  mesotypical  samples  of  May,  we  find  that  thè 
amount  of  K  is  always  higher  in  thè  xerotypical  covers,  and  more  significantly 
so  if  thè  living  and  dead  fractions  are  regarded  (Table  3).  Comparisons  of  thè 
mesotypical  samples  of  January  samples  contain  a  significantly  higher  amount 
of  potassium  (Table  4).  Making  a  comparison  between  thè  xerotypical  samples 
of  January  and  thè  contracted  values  of  thè  mesotypical  samples  (of  January 
and  May),  one  can  see  that  thè  high  K-content  of  thè  xerotypical  living  and 
dead  fractions  shows  a  slight  overweight,  while  thè  bark  has  a  significantly 
higher  potassium  content  underneath  thè  mesotypical  cushions  (Table  5). 

To  sum  up,  it  may  be  stated  that  potassium  is  accumulated  in  thè  plant. 
It  remains  under  more  extreme  conditions  in  thè  epiphytic  cover,  while  under 
more  balanced  conditions  it  may  penetrate  into  thè  surface  layers  of  thè  bark. 
Thus  thè  higher  K-content  of  thè  moss  cover  is  a  property  of  xerotopic  con¬ 
ditions.  The  current  situation  of  potassium  in  this  epiphytic  vegetation  is 
probably  corresponcling  to  thè  changes  of  climatic  elements.  Brehm  (1971) 
made  a  similar  observation  in  thè  course  of  investigation  of  thè  ion  exchange 
in  Sphagnum  hummocks.  It  is  probable  that  potassium  originates,  first  of  all, 
from  thè  precipitation  water  flowing  down  thè  trunk  and  having  a  significant 
K-content  (Szabó  1976). 

The  amount  of  calcium  is  generally  higher  in  thè  bark,  or  thè  Ca-content 
of  thè  moss  and  of  thè  bark  is  approximately  identical  (Table  1).  Within  thè 
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Table  2 


Comparative  evaluation  of  thè  K-,  Ca-,  P-  and  N-content  (mg/air-dry  substance) 
of  samples  1/2  and  1/1  of  Hypnum  cupressiforme 


Living 

Dead 

Bark 

Hypnum 

1/2 

Hypnum 

1/1 

Hypnum  1 

1/2 

Hypnum 

1/1 

Hypnum 

'1/2 

Hypnum 

111 

K 


X 

4.10  4.04 

3.32  3.55 

1.16  4.08 

xY-x2 

0.06 

0.23 

2.92 

t 

0.15 

0.81 

10.81 

*5% 

2.18 

2.18 

2.18 

SDSO/o 

— 

— 

0.59 

Ca 


X 

2.73  2.87 

3.48  4.97 

11.06  7.44 

x,-x2 

0.14 

1.49 

3.62 

t 

0.82 

2.63 

1.42 

Co/ 

2.18 

2.20 

2.20 

sd50 

3  o 

i 

5.78 

— 

P 


X 

1.99  2.27 

1.60  1.77 

1.08  1.12 

Xi-X2 

0.28 

0.17 

0.04 

t 

5.41 

3.69 

0.26 

*5% 

2.06 

2.79 

2.06 

sd5 

3  /o 

0.10 

0.09 

— 

N 

X 

10.17  15.94  7.67  13.34 

5.58  15.10 

xt-x2 

5.77  5.67 

9.52 

t 

7.87  2.25 

22.90 

*5% 

2.04  2.04 

2.04 

SD5% 

1.43  5.12 

0.87 

above  parts,  thè  Ca-content  of  thè  dead  fraction  of  thè  plant  is  always  higher 
than  that  of  thè  living  fraction  !  The  comparison  of  thè  January  xerotypical 
and  mesotypical  samples  show s  that  thè  Ca-content  of  thè  mesotypical Hypnum 
is  higher  (in  thè  dead  fraction  even  significantly  higher)  than  that  of  thè  xero¬ 
typical  Hypnum.  The  bark  show  s,  however,  a  higher  Ca-content  underneath 
thè  latter  (Table  2).  The  Ca-contents  in  thè  xerotypical  samples  of  January  and 
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Table  3 

Comparative  evaluation  of  thè  K-,  Ca-,  P-  and  X-content  (mg/air-dry  substance) 
of  samples  1/2  and  V/l  of  Hypnum  cupressiforme 


Living 

Dead 

Bark 

Hypnum 

|  Hypnum 

Hypnum 

Hypnum 

Hypnum 

Hypnum 

'1/2 

V/l 

1/2 

V/l 

'1/2 

'V/l 

K 


X 

4.1  3.0 

3.32  2.37 

1.16  0.76 

x,-x. 

1.1 

0.95 

0.40 

l 

2.71 

2.62 

1.80 

t5% 

2.47* 

2.26 

2.26 

SD,,, 

°  /O 

1.00 

0.82 

— 

Ca 

X 

2.73  2.32 

3.48  3.47 

11.06  12.87 

X,-X, 

0.41 

0.01 

1.81 

t 

1.78 

0.01 

0.33 

h% 

2.31 

2.31 

2.31 

SD5% 

— 

— 

— 

P 

X 

1.99  2.39 

1.60  1.90 

1.08  0.52 

Ai-x2 

0.40 

0.30 

0.56 

t 

75.47 

5.66 

2.71 

*5°o 

2.09 

2.09 

2.09 

SD5% 

0.01 

0.11 

0.43 

N 

10.17  13.96 

7.69  12.97 

5.58 

3.79 

5.28 

2.63 

t 

4.36 

4.67 

4.54 

t5% 

2.05 

2.05 

2.05 

SD3°„ 

1.78 

2.32 

1.19 

in  thè  mesotypical  samples  of  May  (resp.  in  their  fractions)  are  nearly  identical 
(Table  3).  It  is  to  be  seen  from  thè  comparison  of  thè  mesotypical  samples  of 
January  and  May  that  in  January  there  is  more  Ca  in  thè  plant  (living  and 
dead  fractions)  than  in  thè  bark,  while  in  May  thè  situation  is  thè  reverse 
(Table  4).  Comparing  thè  data  of  January  xerotypical  samples  with  thè  con- 
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Table  4 

Comparative  evaluation  of  thè  K -,  Ca-,  P-  and  N-content  (mg/air-dry  substance) 
of  samples  l/l  and  V/l  of  Hypnum  cupressiforme 


Living 

Dead 

Bark 

Hypnum 

1/1 

Hypnum 

V/l 

Hypnum 

1/1 

Hypnum 

V/l 

Hypnum  Hypnum 

1/1  V/l 

K 


X 

4.04  3.00 

3.55  2.37 

4.08  0.76 

x,-x2 

1.04 

1.18 

3.32 

t 

10.19 

4.91 

10.64 

*5% 

2.26 

2.26 

2.26 

SD5% 

0.23 

0.54 

0.70 

Ca 


X 

2.87  2.32 

4.97  3.47 

7.47  12.87 

Xi-X2 

0.55 

1.50 

5.40 

t 

2.81 

1.48 

2.81 

*5% 

2.26 

2.26 

2.26 

SD5% 

0.40 

— 

4.34 

P 


X 

2.27  2.39 

1.77  1.90 

1.12  0.52 

Xi-X2 

0.12 

0.13 

0.60 

t 

1.21 

1.26 

4.37 

*5% 

2.23 

2.23 

2.23 

SD5% 

— 

— 

0.30 

N 


X 

15.94  13.96 

13.34  12.97 

8.21  15.10 

Xi-X2 

1.98 

0.31 

6.89 

t 

1.79 

0.24 

12.21 

*5% 

2.06 

2.06 

2.06 

SD5o/o 

— 

— 

1.16 

tracted  values  of  mesotypical  samples  (January  and  May),  we  find  that  they 
are  nearly  identical  (there  is  no  significant  difference)  (Table  5). 

To  sum  up,  it  may  be  established  that  calcium  is  to  be  found  in  thè  plant 
and  thè  bark  in  nearly  identical  amounts,  though  thè  Ca-content  of  thè  bark 
may  be  higher.  The  dynamism  of  Ca  seems  to  be  opposite  to  that  of  potassium, 
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Table  5 

Comparative  evaluation  of  thè  K -,  Ca-,  P-  and  N-content  (mg/air-dry  substance) 
of  samples  1/1 — V/l  of  Hypnum  cupressiforme 


Living 

Dead 

Bark 

Hypnum  Hypnum 

1/2  I/l-V/1 

Hypnum  Hypnum 

'  1/2  I/l-V/1 

|  Hypnum  Hypnum 

1/2  ,  I/l-V/1 

K 

X 

4.1  3.66 

3.32  3.12 

1.16  2.87 

xt-x2 

0.44 

0.20 

1.71 

t 

1.09 

0.84 

7.91 

h% 

2.44 

2.12 

2.12 

SD5% 

— 

— 

0.84 

Ca 

X 

2.73  2.67 

3.48  4.42 

11.6  9.43 

xt-x2 

0.06 

0.94 

2.17 

t 

0.38 

1.19 

0.91 

*5% 

2.13 

2.13 

2.13 

SD5% 

— 

— 

— 

P 

X 

1.99  2.26 

1.60  1.96 

1.08  0.96 

Xi-X, 

0.21 

0.36 

0.12 

t 

5.86 

8.78 

0.92 

*5% 

2.05 

2.05 

2.17* 

SD5% 

0.09 

0.08 

— 

N 


X 

10.17  15.04 

7.69  7.90 

5.58  12.03 

X  j  X  2 

4.87 

0.21 

6.45 

t 

6.78 

0.25 

15.21 

*5% 

2.01 

2.01 

2.01 

SD5% 

1.44 

1 

— 

0.87 

because  under  more  balanced  conditions  calcium  occurs  rather  in  thè  body  of 
thè  moss,  while  under  more  arid  conditions  it  occurs  in  greater  quantities  in 
thè  bark. 

The  amount  of  phosphorus  is  three  times  as  high  in  thè  plant  as  in  thè 
bark.  Within  thè  plant,  thè  P-content  of  thè  living  reactions  is  always  higher 
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(Table  1).  A  coinparison  between  thè  P-values  of  thè  January  xero-  and  meso- 
typical  samples  shows  a  significantly  higher  P-content  in  thè  mesotypical 
Hypnum  samples.  The  phosphorus  content  of  thè  bark  underneath  thè  moss 
cushions  is  approximately  identical  (Table  2).  The  coinparison  between  thè 
xerotypical  samples  of  January  and  thè  mesotypical  samples  of  May  indicates 
that  thè  samples  collected  in  May  have  a  considerably  higher  P-content  (Table 

3) ,  but  thè  P-content  of  thè  bark  is  more  significant  in  thè  January  samples. 
It  is  to  be  seen  from  thè  comparison  of  thè  mesotypical  samples  of  January  and 
May  that  their  phosphorus  contents  are  nearly  identical,  a  significant  difference 
occurs  only  in  thè  bark,  namely  in  favour  of  thè  samples  of  January  (Table 

4) .  If  thè  P-data  of  thè  January  xerotypical  samples  are  compared  with  thè 
contracted  P-values  of  thè  mesotypical  samples  of  January  and  May,  it  be- 
comes  obvious  that  thè  P-content  of  thè  mesotypical  Hypnum  is  (significantly) 
higher,  but  thè  bark  shows  a  nearly  identical  P-content  in  this  case  (Table  5). 

To  sum  up,  it  may  be  stated  that  thè  amount  of  P  is  significantly  higher 
in  thè  moss  plant  than  in  thè  bark.  Besides,  it  can  be  proved  that  thè  P- 
content  of  mesotypical  Hypnum  is  always  significantly  higher.  This  ineans 
that  more  balanced  conditions  may  favour  thè  P-uptake  of  thè  plant. 

The  amount  of  nitrogen  in  thè  plant  is  two  to  three  times  as  high  as  in  thè 
bark.  Within  thè  plant  thè  N-content  of  thè  living  parts  always  exceeds  to 
some  extent  thè  N-content  of  thè  dead  fraction  (Table  1).  A  comparison  be¬ 
tween  thè  xero-  and  mesotypical  Hypnum  cushions  showed  a  —  significantly 
greater  —  one  and  a  half  to  two  times  as  high  N-content  in  thè  mesotypical 
samples,  moreover  thè  bark  contained,  underneath  thè  latter,  a  nearly  three- 
fold  N-content  (Table  2).  A  comparison  between  thè  January  xerotypical  and 
thè  mesotypical  samples  of  May  led  to  approximately  identical  results.  The 
amount  of  nitrogen  was  in  all  cases  significantly  higher  in  thè  mesotypical 
samples,  including  thè  N-content  of  thè  bark  underneath  them  (Table  3).  The 
nitrogen  content  of  thè  mesotypical  samples  of  January  and  May  was  roughly 
identical  (Table  4).  Thus  thè  higher  N-content  of  thè  January  xerotypical 
samples  and  of  thè  mesotypical  samples  (of  January  and  May)  may  be  regarded 
as  characteristic  (Table  5). 

To  sum  up,  it  may  be  established  that  thè  amount  of  nitrogen  is  always 
higher  in  thè  moss  plant  than  in  thè  bark.  Moreover,  it  can  be  proved  that  thè 
N-content  of  thè  mesotypical  samples  is  nearly  always  significantly  higher 
than  that  of  thè  xerotypical  samples.  This  proves  beyond  doubt  that  thè 
favourable  N-cycle  of  thè  epiphytic  Hypnum  is  connected  with  more  balanced 
ecological  conditions. 

Development  of  thè  total  amino  acid  content  is  similar  to  that  of  thè 
nitrogen  content.  It  occurs  mostly  in  living  moss  plants,  a  less  amount  is  to  be 
found  in  dead  fractions  and  averysmall  amount  occurs  in  thè  bark  (Table  6). 

Also  a  comparison  between  xerotypical  and  mesotypical  samples  indicates 
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Table  6 


1/2 

i/i 

V/l 

Living 

3.95 

5.38 

5.56 

Dead 

2.20 

2.71 

3.08 

Bark 

0.84 

0.80 

1.33 

that  thè  total  amino  acid  content  of  mesotypical  samples  is  significantly  higher 
both  in  thè  living  and  in  thè  dead  fractions.  It  may  he  presumed  that  this 
phenomenon  can  be  explained  by  thè  different  metabolism  of  thè  two  types. 
This  is  proved  by  thè  investigations  of  Pustovoitova  (1970)  who  established 
that,  during  thè  desiccation  of  mosses,  in  thè  xerotypical  specimens  substances 
stimulating  growing,  while  in  thè  mesotypical  specimens  substances  prohibit- 
ing  growing,  were  accumulated. 


Fig.  1.  Paper  chromatograph  of  amino  acids.  1  =  amino  acid  standard,  2  =  living  moss, 

3  =  dead  moss,  4  =  bark 
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The  paper  chromatographic  amino  acid  investigations  of  mosses  and 
barks  similarly  indicate  (Fig.  1)  that  living  mosses  contain  thè  greatest 
amounts  of  amino  acids  (strip  2),  their  quantity  is  less  in  dead  fraction  (strip  3), 
while  it  is  thè  smallest  in  thè  bark  (strip  4).  Further  it  can  he  stated  that  all 
three  variants  contain,  first  of  all,  amino  acids  moving  slowly,  such  as:  glycine, 
serine,  asparagine  acid,  glutamine,  arginine,  lysine,  histidine  and  cysteine. 

Estimation  of  production.  The  total  K-,  Ca-,  P-,  N-  and  amino  acid 
contents  of  thè  epiphytic  Hypnum- cushions  occurring  in  thè  forest  stand  of 
200  sq.m  unit  area,  on  thè  basis  of  data  obtained  in  January  —  taking  into 
consideration  thè  total  dry  weight  determined  earlier  (Simon  1974)  —  are 
presented  in  Table  7. 


Table  7 


mg/200  sq.m 

Thickness  groups 

1 

2 

3 

Total  (mg) 

g/ha 

K 

2205.6 

2499.0 

1244.1 

5  948.7 

297.4 

Ca 

2278.2 

2088.2 

785.9 

5  152.3 

257.6 

P 

1175.2 

1209.1 

538.8 

2  923.2 

146.1 

N 

8508.5 

6008.5 

1098.2 

15  615.2 

780.8 

Amino  acid 

2350.9 

2071.3 

722.4 

5  144.6 

1 

257.2 

This  means  that  on  one  hectare  of  thè  model  area  thè  relatively  poorly 
developed  epiphytic  cover  contains  exactly  300  g  of  potassium,  260  g  of 
calcium,  150  g  of  phosphorus,  780  g  of  nitrogen  and  260  g  of  amino  acid. 


Summary 

As  a  part  of  thè  epiphytic  moss-phytomass  investigations  carried  out 
by  thè  authors  (Simon  1974)  in  thè  area  of  thè  “Slkfokùt  Project”,  thè  K-, 
Ca-,  P-,  N-  and  amino  acid  content  of  Hypnum  cupressiforme  has  now  also 
been  studied. 

The  authors  determined  thè  amount  of  these  elements  in  thè  living  and 
dead  fractions  of  thè  moss  and  in  thè  substrate  bark  (Tables  1  and  6). 
The  obtained  data  were  evaluated  by  thè  mathematical-statistical  method  and 
thè  differences  controlled  by  thè  help  of  thè  “t-test”  (Tables  2,  3,  4,  5).  The 
authors  established  that  K  is  first  of  all  to  be  found  in  thè  plant,  but  its  amount 
varies  according  to  thè  character  of  thè  micro-habitat.  Under  dry  conditions 
there  is  more  K  in  thè  plant,  under  more  balanced  (more  humid)  conditions 
it  may  move  into  thè  bark.  Generally  there  is  a  greater  amount  of  Ca  in  thè 
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plant,  or  thè  Ca-contents  of  thè  raoss  and  thè  bark  are  nearly  identical.  Dead 
moss  fractions  contain  more  Ca  than  living  ones.  The  dynamism  of  Ca  seems 
to  be  opposite  to  that  of  K.  The  amount  of  P  is  about  three  times  as  much  in 
thè  plant  as  in  thè  bark  and  phosphorus  occurs  in  greater  quantities  in  thè 
living  than  in  thè  dead  fraction.  Its  amount  in  Hypnum  growing  under  more 
humid  conditions  is  always  significantly  higher  that  in  those  growing  under 
drier  conditions.  N-content  is  higher  in  thè  plant  than  in  thè  bark;  within  thè 
plant  thè  living  fractions  contain  more  N  than  thè  dead  fractions.  The  nitrogen 
content  of  Hypnum  growing  in  more  humid  micro-habitats  is  significantly 
higher.  The  development  of  thè  amino  acid  content  (Table  6)  is  similar  to  that 
of  thè  N-content.  Among  thè  amino  acids,  glycine,  serine,  asparagine  acid, 
glutamine,  arginine,  lysine,  histidine  and  cysteine  were  traceable  (Fig.  1). 
Taking  into  consideration  and  converting  thè  dry-weightof  epiphytic Hypnum- 
cushions  fading  to  thè  unit  area  of  200  sq.m,  thè  estimated  values  for  one 
hectare  are  as  follows:  about  300  g  of  potassium,  260  g  of  calcium,  150  g  of 
phosphorus,  780  g  of  nitrogen  and  260  g  of  amino  acids. 
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CHLOROPHYLL  CONCENTRATION  AND  ITS 
ECOLOGICAL  SIGNIFICALE  IN  SOME  SPECIES 
IN  BEECHWOODS 

By 

R.  M.  DrASKOVITS  and  G.  FEKETE 

DEPARTMENT  OF  PLANT  TAXONOMY  AND  ECOLOGY,  EÒTVOS  L.  UNIVERSITY,  BUDAPEST 
AND  BOTANICA L  DEPARTMENT,  HUNGARIAN  NATURAL  HISTORY  MUSEUM,  BUDAPEST 
(Received  January  7,  1976) 


The  chlorophyll-a  and  -b  as  well  as  thè  pigment  ratio  in  herb  layer  species  domi- 
nant  in  beechwoods  ( Asperula  odorata ,  Dentaria  bulbifera .  Melica  uniflora ,  Viola  alba. 
Carex  pilosa)  were  examined  in  3  beech  stands  of  various  ages  and  structures.  All  five 
species  are  reniarkable  owing  to  their  low  total  chlorophyll  density.  It  is  attributable 
to  thè  light  climate  created  by  thè  structure  of  thè  tree  stand  that  thè  total  chloro¬ 
phyll  density  of  thè  two  species,  viz.  Dentaria  bulbifera  and  Asperula  odorata ,  is  dif- 
ferent  according  to  thè  age  groups.  The  chlorophyll  level  of  thè  other  three  species 
was  not  effected  by  thè  light  climate  of  thè  stand.  The  decreasing  trends  of  thè  a/b 
ratios  are  not  attributable  to  thè  decrease  in  thè  average  illumination  values.  In  Carex 
pilosa  and  Viola  alba  individuai,  overw intering  leaves  also  function.  These  are  of  low 
a/b  ratio  and  of  a  higher  total  chlorophyll  density  in  character  as  compared  with  thè 
fresh  leaves. 


Introduction 

By  a  quantitative  analysis  of  thè  photosynthetic  pigments,  tiseful  informa- 
tion  is  obtainable  in  a  number  of  situation  on  thè  photosynthetic  production 
and  capacity  of  plants  as  well  as  on  their  light  ecological  sensitivity  and 
tolerance.  In  forest  herb  layer  plants,  as  also  in  our  case  questions  arise  whether 
thè  stand  structure  of  thè  forest,  and  thè  various  light  ecological  effects  related 
to  it,  have  any  influence  on  thè  total  pigment  density  and  on  thè  density  or 
ratios  of  thè  various  components.  It  may  well  he  of  interest  to  know  whether 
thè  species  occurring  at  thè  same  vegetation  level  show  similar  or  deviating 
ecological  reactions  in  relation  to  thè  above  properties. 


Material  and  metliods 

In  thè  spring  of  1974  we  collected  frequently  occurring  beechwood  plant  species  for 
chlorophyll  sampling  in  thè  extrazonal  beeches  of  thè  Pilis  Mountain  (Central  Hungary)  in 
thè  range  of  thè  Vòròskd  rock  at  thè  village  of  Talli,  latitude  47°46’,  350  m  a.s.i.  The  species 
with  thè  indication  of  their  life  form  were  as  follows:  Asperula  odorata  H,  Dentaria  bulbifera  G. 
Melica  uniflora  H.  Carex  pilosa  H,  Viola  alba  H.  The  species  enumerated  here  were  collected 
according  to  age  group  per  beech  stand  (in  3  age  groups;  cf.  M.  Draskovits,  1975),  and  in 
3  repetitions  by  age  groups.  For  thè  sampling  times  see  Table  2. 

Discs  of  known  surface  area  were  cut  out  of  thè  leaves.  At  thè  time  of  sampling,  care 
was  taken  that  thè  discs  were  always  cut  from  thè  same  section  of  thè  same  leaf  of  thè  plant 
individuai  (for  exarnple,  one  disc  from  each  of  thè  6  leaves  of  thè  third  whorl  from  above  in 
Asperula).  The  chlorophyll  components  were  brought  into  solution  by  means  of  cc.  acetone 
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(with  thè  addition  of  a  small  quantity  of  MgC03);  they  were  filtered  through  a  glass-strainer, 
then  photometered  (on  a  Spektromom  photometer,  at  E  663  and  645  nm  wave  lengths;  cf. 
Arnon,  1949). 

The  differences  in  chlorophyll  concentration  according  to  stand  ages  were  evaluated 
by  means  of  random-arranged  analysis  of  variance  (Svàb,  1973). 

The  results  were  also  related  to  thè  photometric  data  obtained  in  1974,  when  thè  in- 
vestigations  were  carried  out  in  thè  saine  stand  age  groups  (M.  Draskovits,  1975).  These  stands 
differ  from  one  another  in  trunk  height,  diameter,  density  —  inoneword,  in  thè  light  chinate 
effecting  thè  herb  layer.  The  major  illumination  averages  of  thè  measurement  days  (each  of 
them  is  an  average  of  2  —  3000  measurements)  are  given  in  Table  1  for  orientation. 

Table  1 


The  daily  average  values  of  thè  illumination  measurements ,  in  Klux 


Date 

/  Age 

3  Apr. 

12  Apr. 

23  Apr. 

15  May 

20  Je. 

23  Jul. 

17  Sept. 

20  Nov. 

1.  Young 

6.65 

1.93 

1.34 

0.41 

0.38 

0.41 

0.50 

6.44 

2.  Middle-aged 

6.30 

2.61 

2.30 

0.43 

0.38 

0.26 

4.85 

3.  Old 

6.24 

1.67 

1.23 

0.43 

0.36 

0.40 

0.22 

4.40 

Table  2 

The  chlorophyll  content 


Dentaria  bulbifera 

24.  3.  1974. 

Asperula  odorata 

25.  4.  1974. 

Melica  uniflora 

21.  5.  1974. 

1. 

2. 

3. 

1  L 

2.  3. 

1- 

2. 

3. 

chi  a  mg/100  cm2 

1.34 

'  1.34 

1.34 

0.68 

0.64 

0.65 

0.88 

0.98 

1.29 

chi  b  mg/100  cm2 

0.62 

ì  0.56 

0.57 

0.30 

0.30 

0.30 

0.42 

0.44 

0.65 

A 

chi  a|b  mg/100  cm2 

1.96 

1.90 

!  1.91 

0.98 

0.94 

0.95 

1.30 

1.42 

1.94 

chi  a/b 

2.17 

2.41 

2.36 

2.22 

2.12 

2.19 

2.10 

2.23 

1.98 

leaf  weight  g/100  cm2 

1 

0.71 

0.78 

0.74 

0.81 

0.79 

0.77 

0.41 

0.40 

0.40 

chi  a  ing/100  cm2 

1.09 

1.11 

1.10 

0.85 

0.84 

0.90 

1.19 

1.03 

0.80 

chi  b  mg/100  cm2 

0.48 

0.45 

0.47 

0.37 

0.38 

0.39 

0.55 

0.49 

0.43 

B 

chi  a-j-b  mg/100  cm2 

1.57 

1.56 

1.57 

1.22 

1.22 

1.29 

1.74 

1.52 

1.32 

chi  a/b 

2.28 

2.45 

2.35 

2.28 

2.20 

2.31 

2.17 

2.11 

2.03 

leaf  weight  g/100  cm2 

1.03 

0.86 

0.95  ' 

1 

0.76 

0.87 

0.90 

0.37 

0.38 

0.35 

chi  a  mg/100  cm2 

1.09 

1.10 

1.10 

1.32 

0.95 

0.74 

0.95 

1.08 

0.88 

chi  b  mg/100  cm2 

0.40 

1  0.44 

0.41 

0.60 

0.39 

0.37 

0.43 

0.57 

1.44 

C 

chi  a  j-b  mg/100  cm2 

1.49 

1.54 

1.51  | 

1.92 

1.34 

1.09 

1.38 

1.65 

1.32 

chi  a/b 

2.74 

2.51 

2.63  ! 

2.19 

2.39 

1.95 

2.17 

1.86 

2.01 

leaf  weight  g/100  cm2 

0.72 

0.80 

0.75 

1 

0.87 

0.80 

0.85 

0.36 

0.33 

0.43 

1.  2.  3.  —  Repetitions 

A  B  C  =  Beechwoods  of  different  ages:  A,  young  stand;  B,  middle-aged  stand;  C,  old, 
mature  stand 
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Results 

The  data  given  in  Table  2  will  be  thè  basis  of  discussion  on  thè  possible 
adaptations  according  to  stand  ages. 

Figure  1  shows  thè  result  of  examining  thè  chlorophyll  density  of  thè 
various  species  on  thè  basis  of  thè  data  given  above,  independently  of  thè  three 
stands.  This  provides  information  on  thè  amplitude  per  species  of  thè  chloro¬ 
phyll  concentration. 

Similarly  to  these  said  above,  thè  chlorophyll  a/b  ratio  is  demonstrated 
in  Fig.  2. 

The  discussion  of  thè  results  will  be  given  per  species. 

Asperula  odorata 

Chlorophyll  concentration  rises  in  thè  middle-aged  stand.  The  rise  ensues 
in  both  components. 


of  thè  species  examined 


Viola 

13.  4. 

alba 

1974. 

Carex  pilosa 

22.  4.  1974. 

fresh  leaf 

overwintering  1. 

fresh  leaf 

overwintering 

1. 

1. 

2-  1 

3. 

1.  2. 

3. 

1. 

2. 

3. 

1. 

2. 

3. 

1.13 

0.91 

0.74 

1.23 

1.38 

0.98 

0.93 

0.77 

0.45 

2.20 

1.36 

1.00 

0.57 

0.40 

0.32 

1.08 

0.62 

0.93 

0.97 

0.33 

0.17 

1.02 

0.86 

0.41 

1.70 

1.31 

1.06 

2.31 

2.00 

1.91 

1.30 

1.10 

0.62 

3.22 

2.22 

1.41 

2.00 

2.24 

2.30 

1.13 

2.20 

1.05 

2.53 

2.28 

2.60 

2.14 

1.58 

2.45 

0.76 

0.75 

0.73 

0.66 

0.57 

0.82 

0.66 

0.78 

0.62 

0.99 

0.86 

0.74 

0.82 

1.17 

1.25 

1.11 

1.44 

1.24 

0.93 

0.84 

0.72 

1.66 

2.49 

1.55 

0.43 

0.47 

0.57 

0.98 

1.14 

1.04 

0.58 

0.46 

0.35 

0.86 

1.22 

0.76 

1.25 

1.64 

1.82 

2.09 

2.58 

2.28 

1.51 

1.30 

1.07 

2.52 

3.71 

2.31 

1.91 

2.45 

2.21 

1.13 

1.26 

1.20 

1.60 

1.83 

2.05 

1.92 

2.04 

2.02 

0.78 

0.84 

0.87 

0.77 

0.75 

0.67 

0.64 

0.61 

0.66 

0.86 

0.86 

0.84 

1.33 

1.62 

1.01 

1.61 

1.63 

1.25 

0.96 

0.92 

0.85 

2.25 

1.79 

2.27 

0.50 

0.60 

0.45 

1.01 

0.78 

1.04 

0.45 

0.43 

0.38 

1.06 

0.81 

1.19 

1.83 

2.22 

1.46 

2.62 

2.41 

2.29 

1.41 

1.35 

1.23 

3.31 

2.60 

3.46 

2.64 

2.70 

2.21 

1.60 

2.10 

1.19 

2.14 

2.15 

2.21 

2.12 

2.19 

1.90 

0.98 

0.87 

0.93 

0.95 

0.82 

0.92 

0.71 

0.61 

0.59 

1.03 

0.83 

1.11 
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Fig.  1.  The  variability  —  on  thè  basis  of  all  data  —  of  thè  chlorophyll  content  in  thè  species 

examined  (mg  chi  a  -f-  b/100  cm2) 
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Fig.  2.  The  variability  —  on  thè  basis  of  all  data  —  of  thè  chlorophyll  a/b  ratio  in  thè  species 

examined 


After  subjecting  thè  data  of  thè  3  stands  to  a  statistical  analysis,  it 
appeared  that,  owing  to  thè  great  variability  of  thè  data  of  plants  living  in  thè 
old  stand,  thè  result  (thè  effect  of  thè  stand  “treatments”)  is  not  significant 
(NS).  When  thè  cornparison  refers  to  only  two  age  groups,  that  is,  to  thè  young 
and  middle-aged  stands,  thè  chlorophyll  concentration  of  Asperula  is  signifi¬ 
canti  different  in  thè  two  stands. 

It  cannot  be  stated  with  certainty  to  what  cause  thè  unambiguous  rise 
in  thè  chlorophyll  level  of  thè  middle-aged  stand,  best  illuminated  in  Aprii 
(cf.  Table  1),  is  ascribable.  One  might  assume  that  thè  pigment  level  moves 
around  thè  minimum,  and  in  thè  middle-aged  stand  (which  is  illuminated 
better  by  mid  Aprii)  thè  concentration  increases  parallel  with  illumination 
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(on  thè  stimulation  of  illumination).  This  explanation  seems  to  he  confirmed 
by  thè  fact  of  anatomical  adaptation:  in  thè  young  stand  it  is  thè  sciophyll 
leaves  of  Asperula  which  develop  (low  ratio  of  weight  )surface  and  low  density 
thickness;  sensu  McClendon,  1962). 

Table  3 


Variance  analysis  of  thè  data 


Source  of  variabiiity 

SQ 

FG 

MQ 

Total 

0.1279 

5 

Treatment 

0.1241 

1 

0.1241*** 

Error 

0.0037 

4 

0.00093 

...  p  _  0.1% 


All  these,  however,  are  contradicted  by  thè  fact  in  thè  individuals  grow- 
ing  in  thè  old  stand  with  similarly  weak  illumination,  chlorophyll  density  rises 
likewise,  though  unevenly.  It  is  therefore  a  likelier  explanation  that  in  thè 
middle-aged  (and  old)  stands  thè  effect  of  thè  illumination,  which  was  decreas- 
ing  in  thè  preceding  summer  vegetation  period,  manifests  itself  in  this  long- 
function  in  species.  With  regard  to  both  chlorophyll-a  and  chlorophyll-b  thè 
three  repetitions  in  thè  old  stand  are  strongly  fluctuating,  possibly  because 
of  thè  coarse-grained  pattern  of  strong  light  and  shadow  produced  by  thè 
thick  beach  trunks.  In  thè  young  and  middle-aged  stands  with  fine  grained 
light  and  shadow  pattern  thè  fluctuation  of  thè  chlorophyll  concentrations  is  of 
a  lower  degree. 


Dentaria  bulbifera 

The  role  of  thè  stand  structure  is  of  a  different  trend  in  thè  early  spring- 
time  geophyton  Dentaria  than  in  thè  hemicryptophyton  Asperula.  While  in 
Asperula  thè  total  chlorophyll  level  is  lowest  in  thè  young  stand  and  this  in- 
creases  with  thè  age  of  thè  forest,  in  Dentaria  it  is  highest  in  thè  young  stand  and 
decreases  with  thè  age  of  thè  forest. 

The  result  of  thè  3-treatment  analysis  of  variance  is  significant  (Table  4). 
In  a  comparison  by  pairs,  thè  deviation  of  thè  total  chlorophyll  level  in  Aspe¬ 
rula  individuals  living  in  thè  young  stand  from  those  two  which  are  similar  to 
each  other  is  demonstrable. 

The  chlorophyll-a/b  ratio  in  thè  old  stand  increased  considerably,  which 
follows  from  thè  decrease  in  component  b.  It  is  not  known  whether  thè  quantity 
of  cholophyll-b  decreases  as  a  result  of  light  fluctuating  very  strongly.  For  in 
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Table  4 

Variance  analysis  of  thè  data  and  thè  comparison  by  pairs 
of  thè  averages  of  thè  three  stands 


Source  of  variability 

SQ 

FG 

MQ 

Total 

0.2977 

8 

Treatment 

0.2947 

2 

0.14734*** 

Error 

0.0030 

6 

0.00051 

***  P  =  0.1% 

1 

2 

3 

1 

1.926 

X 

X 

2 

0.356 

1.570 

3 

0.407  i 

0.051 

1.519 

XP=5% 


thè  early-spring  time  in  thè  stili  leafless,  old  stand,  thè  trunks  standing  far 
from  each  other  bring  into  existenee  coarse  grained  light  and  shadow  patterns. 
Thus  thè  plant  individuai,  growing  at  a  given  point  of  thè  herb  layer  is  alter- 
natively  under  thè  effects  of  now  strong  illumination  thè  deep  shadow,  for 
rather  protracted  periods. 

The  adaptation  ensuing  in  thè  photosynthetic  pigment  levels  is  not 
parallel  with  thè  anatomical  adaptation;  thè  weight/surface  ratio  is  lower 
in  thè  young  and  in  thè  old  stands,  while  it  is  higher  in  thè  middle-aged 
stand.  These  values  are  adequate  to  thè  illumination  values  measured  in 
fully-grown  plants. 


Melica  uniflora 

In  thè  change  of  thè  total  chlorophyll  concentration  in  Melica ,  no  trend 
per  age  group  (light—  climate)  manifests  itself.  Yariability  is  high  in  all  three  age 
groups,  thè  result  of  thè  variance  analysis  is  NS. 

With  respect  to  thè  chlorophyll  concentration  (thè  components  separately 
and  in  total;  cf.  Table  2),  Melica ,  Asperula  and  Dentaria  are  closely  related. 
Their  siinilarity  is  underlined  by  thè  fact  that,  considering  all  measurements 
taken  in  thè  stands  with  different  illuininations,  thè  pigment  concentration 
and  their  ratio  in  all  three  species  are  rather  fixed  values  (narrow  interval; 
Figs  1  and  2). 

The  concentration  and  ratio  in  thè  chlorophyll  components  is,  however, 
much  more  evenly  distributed  among  thè  extreme  values  in  Melica  than  in  thè 
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other  two  species.  Similarly  near  thè  same  is  thè  weight/surface  ratio  in  thè 
samples  of  Melica  leaves  originating  from  thè  different  beechwood  stands; 
however,  in  comparison  with  thè  Asperula  and  Dentaria  values,  this  value  is 
only  half  as  much  as  theirs.  Thus,  in  thè  half  as  thick  sciophyl  leaf  Melica , 
thè  pigment  concentration  is  twice  as  much  as  that  in  thè  other  two  species. 


Viola  alba 

Owing  to  thè  circumstance  that  there  are  two  kinds  of  leaves,  viz.  fresh  and 
overwintering  leaves,  in  Viola  alba  and  Carex  pilosa  (see  below),  they  raise 
problems  in  other  directions  as  well. 

Young,  fresh  leaves  and  overwintering  leaves  were  treated  separately. 
The  concentration  of  chlorophyll  in  thè  young,  fresh  leaf  increases  with  thè 
age  of  thè  forest.  Although  this  statement  is  valid  for  thè  average,  thè  dif- 
ferences  are  not  significant  because  thè  variability  of  thè  3  repetitions  within 
one  stand  is  great.  The  factors  examined  constitute  a  series  of  graduai  transition. 
The  average  of  thè  chlorophyll  a/b  ratio  is  thè  only  one  which  rises  both  in  thè 
fresh  leaves  and  in  thè  overwintering  ones  in  thè  old  stand,  which  is  mainly 
attributable  to  thè  accumulation  of  thè  chlorophyll-a  component.  Presumably, 
thè  effect  of  light  and  shadow  fluctuation  also  appears  in  this  species  (cf. 
Dentaria).  The  chlorophyll  data  of  thè  fresh  leaf  samples  taken  in  thè  young 
and  in  thè  middlc-aged  forest  stands  are  very  similar;  in  thè  overwintering 
leaves,  thè  values  originating  from  thè  middle-aged  and  from  thè  old  forest 
stands  are  closely  related.  In  view  of  thè  fact  that  thè  overwintering  leaf 
manifests  thè  conditions  of  thè  preceding  year,  thè  statement  made  above 
coincide  with  thè  fact  known  from  our  illumination  measurements,  namely 
that  in  a  great  portion  of  thè  vegetation  period,  thè  conditions  of  illumination 
are  similar  in  thè  middle-aged  and  in  thè  old  stands;  thè  light  climates  of  thè 
two  forest  stands  are  closely  related  during  this  period. 

Carex  pilosa 

With  respect  to  chlorophyll  density  and  ratio,  Carex  pilosa  —  similarly 
to  Viola  alba  —  shows  of  a  wide  interval  concerning  both  thè  fresh  and  thè 
overwintering  leaves  (see  Fig.  2).  It  appears  that  among  thè  species  examined 
Carex  pilosa  has  thè  widest  light  ecology.  Within  thè  given  beech  forest  type, 
it  is  thè  least  sensitive  to  thè  ecological  effects  following  from  thè  differences 
in  age  of  thè  various  stands.  However,  thè  difference  between  thè  fresh  and 
overwintering  leaves  is  remarkable.  In  Carex  pilosa ,  thè  total  chlorophyll 
concentration  of  thè  overwintering  leaves  is  2 — 2.5  times  that  of  thè  fresh 
leaves.  Not  only  thè  chlorophyll-b  component  increases,  but  in  all  of  thè  cases 
thè  chlorophyll-a  component  also  does  so,  to  a  considerable  extent.  The  a/b 
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ratio  is  also  lower  in  thè  overwintering  leaves,  similarly  as  in  Viola ,  but  thè 
drop  is  less  expressed.  In  thè  overwintering  leaves  thè  weight/surface  ratio 
slightly  increases  (not  so  in  Viola),  which  is  probably  a  consequence  of  thè 
continuous  sclerenchyma  formation. 


Discussion 

One  of  thè  indications  of  thè  photosynthetic  capacity  in  species  —  espe- 
cially  in  thè  domain  of  low  light  intensity  —  is  thè  density  of  photosynthetic 
pigments.  The  unexpectedly  low  pigment  concentration  of  herb  layer  plants 
in  beechwoods  is  remarkable  in  comparison  with  other  data  published  in  thè 
literature.  This  can  be  established  even  if  one  is  aware  of  thè  fact  that  in  thè 
comparison  thè  different  thickness  of  thè  leaves  is  always  disturbing.  The 
upper  limit  values  measured  in  thè  various  species  stili  express  only  rather  low 
pigment  concentrations  (Fig.  1).  Concerning  “obligatory  shade  plants”, 
Lundegardh  (1954)  had  already  called  attention  to  thè  narrow  amplitude  of 
thè  values. 

The  examples  of  comparison  (taken  randomly  from  thè  extensive  litera¬ 
ture)  refer  partly  to  culture  plants  and  partly  to  elements  of  naturai  vegetation 
(chlorophyll  a  b,  mg/related  to  100  cm2  leaf  area). 

Trifolium  repens  :  3.4 — 5.3;  Loliurn  italicum:  1.5 — 6.0  (Okubo — Oizu- 
mi — Hoshino — Nishimura,  1968);  Phaseolus  vulgaris  :  0.5 — 4.5  (Tsuja — Isa— 
Hateryama,  1970);  Medicago  sativa:  3.2 — 5.1  (Okubo — Kawanabe — Hos¬ 
hino,  1971);  Nicotiana  sanderae:  2.0 — 4.5  (Sestak — Catsky,  1962);  Secale 
cereale:  1.1 — 3.2  (Orban,  1972);  Brassica  oleracea  var.  acephala  :  1 — 5  (Sestak, 
1963);  Zea  mays  :  1 — 4  (Sestak — Vàclavik,  1963).  The  level  is  also  higher  in 
trees:  Populus  tremuloides  :  3.6 — 4.9  (light-leaves),  2.6 — 3.8  (shade-leaves; 
Pearson — Lawrence,  1958);  Quercus  petraea:  1.4 — 3.2  (light-leaves),  1.3 — 
3.0  (shade-leaves;  Fekete — Szujkó-Lacza  mscr.);  Quercus  pubescens  :  2.2 — 2.5 
(Fekete — Szujkó-Lacza  mscr.).  With  Rhododendron  maximum:  2.2 — 5.5 
(Whittaker — Garfine,  1962).  In  mixed  samples  of  open  sand  grassland 
( Festucetum  vaginatae  danubiale),  thè  weighted  average  of  thè  components 
—  characteristic  of  thè  vegetation  —  is  2.0 — 5.2  (Orban,  1972). —  According 
to  Gabrielsen  (1948)  5  mg  is  to  he  regarded  as  thè  optimum  level. 

In  thè  three  experimental  beech  stands  (in  thè  3  age  groups),  thè  fact 
that  thè  chlorophyll  density  is  controlled  by  some  enviromnental  factor 
(stand  structure)  could  be  established  in  two  of  thè  five  abundant  species  of 
thè  herb  layer.  The  total  chlorophyll  concentration  of  Asperula  odorata  is 
higher  —  confirmed  also  statistically  —  in  tlie  middle-aged  stand,  while  that 
of  Dentaria  bulbifera  is  higher  in  thè  young  stand.  However,  thè  comparison 
of  these  results  with  thè  data  of  light  measurements  made  parallel  with  thè 


Acla  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


CHLOROPHYLL  CONCENTRATION  IN  SOME  SPECIES  IN  BEECHWOODS 


37 


above  experiments  suggests  that  it  is  not  simply  thè  illumination  gradient 
dominant  at  thè  time  of  thè  chlorophyll  sampling  that  determines  thè  forma- 
tion  of  thè  chlorophyll  level,  but  also,  for  example,  thè  light  conditions  of  thè 
preceeding  period,  be  it  that  of  year’s  vegetation. 

The  light  ecological  importance  of  thè  chlorophyll-a/b  ratio  is  without 
doubt.  Chlorophyll-b  is  known  as  “shade-chlorophyll”.  Its  accumulation  in 
thè  lower,  shaded  layers  of  thè  vegetation  is  useful,  because  by  its  capacity 
for  absorbing  light  energy  of  a  shorter  wave  length  it  transfers  energy  to 
chlorophyll-a  which  can  absorb  it  only  of  a  longer  wave  length,  and  which 
performs  thè  Chemical  part  of  thè  photochemical  action  (energy  concentration). 
On  thè  basis  of  thè  works  by  Boardman — Anderson  (1964),  Gross — Shef- 
ner — Becker  (1966)  etc.  it  is  also  known  that  chlorophyll-a-b  are  present  in 
both  of  thè  photochemical  systems;  System  I  is  characterized  by  about  twice 
as  high  a/b  ratio  as  is  characteristic  of  System  II.  However,  thè  decreasing 
trends  in  thè  a/b  ratio  of  thè  beechwood  species  herein  examined  cannot  be 
explained  by  thè  decrease  of  thè  average  illumination  values.  The  extent  up 
to  which  thè  rate  of  fluctuation  in  thè  illumination  is  responsible  for  thè 
tendencies  mentioned  above  is  not  known.  Under  naturai  conditions,  thè 
fluctuation  of  illumination  is  also  invariably  superimposed  on  thè  changes  in 
thè  average  illumination  intensities;  it  is  impossible  to  study  these  two  causes 
separately  here. 

In  investigations  conducted  under  naturai  conditions,  thè  question  of 
leaf  age  groups  (fresh  leaves,  or  overwintering  leaves  of  thè  preceding  year) 
also  arises.  The  low  a/b  ratio  evolves  in  thè  overwintering  leaves  rather  peculi- 
arly.  In  both  Carex  pilosa  and  Viola  alba  thè  chlorophyll-b  component  increases 
to  about  its  twofold,  in  comparison  with  that  of  thè  fresh  leaves.  At  thè  same 
time,  thè  chlorophyll-a  concentration  also  increases  but  not  to  an  identical 
extent.  (The  increase  in  thè  concentration  of  thè  two  components  in  thè  over¬ 
wintering  leaves  of  Viola  alba  and  Carex  pilosa  results,  in  their  pigment  density 
being  already  nearer  to  that  occurring  in  thè  species  taken  for  comparison.) 
These  trends  are  independent  of  thè  age  group  of  thè  tree  stand.  The  increase 
in  pigment  density,  independent  of  external  effects  (thè  role  of  stand  structure), 
could  be  considered  a  kind  of  adaptation  induced  by  internai  causes  (“shading” 
by  thè  epidermis  or  cuticle;  Rabinovitch,  1955).  However,  thè  supposed 
change  in  internai  structure  manifests  itself  in  thè  weight/surface  ratios  — 
according  to  thè  comparison  with  thè  fresh  leaves  —  only  in  one  of  thè  species, 
i.e.:  in  Carex  pilosa . 
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The  organic  matter  production  and  thè  energy  utilization  of  thè  plant  association 
Salcio- F e stucetum  rupicolae  pannonicum  stipetosum  capillatae  of  thè  Mezofòld  area  were 
examined  from  thè  end  of  Aprii,  1974  to  thè  end  of  October  of  thè  same  year.  The 
weight  increase  reached  its  highest  value  in  May  and  June  during  which  time  thè  energy 
utilization  was  0.79%  and  1.03%,  respectively.  Considering  thè  whole  of  thè  exainina- 
tion  period,  thè  above-ground  dry  matter  production  was  281.94  g/nr,  while  produc- 
tivity  was  1.55  g/m2/day,  which  means  a  0.17%  average  energy  utilization.  In  thè  dry 
matter  content  carbohydrate  amounts  to  34.5%  and  nitrogen  to  2.1%.  A  dose  linear 
regressional  connection  exists  between  thè  quantity  of  dry  matter  and  carbohydrate 
and  nitrogen  production,  while  it  is  looser  between  thè  carbohydrate  and  nitrogen 
productions. 


Introduction 


Tlie  procluction-biological  examinations  conducted  at  thè  Botanical 
Department  of  thè  József  Attila  University  (Bodrogkòzy — Horvath,  1969; 
Horvath,  1972),  were  extended  to  an  investigation  of  thè  organic  matter  pro¬ 
duction  and  photosynthetic  energy  utilization  of  a  loessgrassland  (Salvio-  Festu- 
cetum  rupicolae  pannonicum  Zólyomi,  58).  Of  thè  results  of  examinations  being 
carried  out,  thè  above-ground  organic  matter  production  and  energy  utilization 
of  one  of  thè  stands  will  he  discussed  (Fig.  1). 


Material  and  method 

The  area  of  examination  is  thè  western  slope  of  thè  Nagyhegy  at  Dunafòldvàr  where 
tlie  ancient  loess  vegetation  (Boros,  1958;  1959;  Zólyomi,  1958a,  b;  1967),  characteristic  of  thè 
loess  areas  of  thè  Mezofòld  (Àdàm  et  al.,  1959;  Marosi  —  Szilàrd,  1967),  has  survived  practically 
undisturbed  by  anthropogenic  effects.  Our  samples  have  been  obtained  from  thè  stipetosum 
capillatae  Soó  59  (Soó,  1964;  1973)  stand  of  thè  association  Salvio- Festucetum  rupicolae  panno¬ 
nicum  Zólyomi  58,  covering  thè  upper  two-thirds  of  thè  hillside.  The  investigations  were 
carried  out  on  7  occasions  from  thè  end  of  Aprii  to  thè  end  of  October,  1974. 

Of  thè  above-ground  plant  parts  samples  were  taken  monthly,  by  mowing  (Odum  1959), 
with  random  selection,  from  four  areas  of  25  X  25  cm  each.  In  thè  further  calculations  thè 
average  of  thè  four  replications  was  used.  The  mowed  plants  were  separated  into  living  parts 
and  litter,  while  thè  living  parts  into  Stipa ,  Festuca ,  Salvia  and  other  species.  The  samples 
were  dried  at  80°C  up  until  no  change  in  weight  showed,  and  thè  dry  weight  was  calculated 
for  1  m2  area.  The  total  carbohydrate  and  nitrogen  contents  were  determined  and  related 
also  to  a  unit  area  (1  m2). 
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Examination  dates 

Days  passing  between 
two  samplings 

29  Aprii 

30  May 

31 

27  June 

28 

30  July 

33 

30  August 

31 

28  September 

29 

28  October 

30 

Total  period  of  examination:  182  days 


The  determinatimi  of  thè  total  carbohydrate  content  was  carried  out  with  thè  phenol- 
sulphuric  inethod  of  Dubois  et  al.  (1956)  after  a  two  hours’  hydrolization  on  hot  water  bath, 
with  2%  hydrochloric  acid.  The  determination  of  thè  total  nitrogen  content  was  made  accord- 
ing  to  Kelley  et  al.  (1946),  after  destruction  with  concentrated  sulphur.  Photometry  was 
carried  out  with  a  Spekol-type  spectrophotometer  at  495  and  420  nm,  respectively.  The 
calibrational  straight  was  determined  with  glycose  and  ammonium  chloride,  respectively. 

Among  thè  climatic  factors,  air  temperature,  moisture  quantity,  duration  of  sunshine 
and  global  radiation  were  considered  (see  Table  1).  The  measuring  of  temperature  and  moisture 
quantity  was  carried  out  in  thè  field,  while  thè  data  of  thè  duration  of  sunshine  and  of  global 
radiation  were  obtained  from  thè  measurements  of  thè  Agrometeorological  Observatory 
Institute  (Martonvàsàr)  of  thè  HAS.  (For  thè  availability  of  thè  data  thanks  are  due  to  Dr. 
Jànos  Pletser,  Head  of  thè  Observatory). 

Table  1 


Meteorological  data  of  thè  period  investigated 


Period 

Temperature  °< 

Min.  1  Max 

c 

Mean 

Global  radiation 
(cal/cm2) 

Sunshine, 

h 

Moisture, 

mm 

IV.  29 -V.  29. 

5.5 

27.0 

18.1 

12.939 

195.8 

88.40 

V.  30— VI.  26. 

6.0 

31.0 

17.9 

12.385 

195.5 

38.05 

VI.  27  —VII.  29. 

11.5 

35.5 

20.5 

15.390 

214.0 

60.60 

VII.  30— Vili.  29. 

11.0 

37.0 

23.6 

12,420 

255.0 

84.90 

Vili.  30  — IX.  27. 

4.0 

29.5 

18.4 

8.389 

187.3 

32.35 

IX.  28  —  X.  27. 

0.5 

17.0 

7.7 

3.826 

75.3 

169.90 

IV.  29 -X.  27. 

0.5 

37.0 

17.7 

65.319 

1122.9 

474.20 

In  calculating  thè  energy  utilization,  1  g  of  organic  plant  matter  was  considered  to 
equal  4000  cal  energy  (Hayashi,  1966).  The  rate  of  utilization  was  calculated  according  to  thè 
following  equation  (Murata  et  al.,  1968): 


Energy  conversion 


dry  weight  (g)  X  4000  cal 
radiated  energy  (cal) 


•  100 


This  refers  to  thè  global  radiation,  thè  quantity  of  which  is  taken  twice  for  obtaining 
thè  photosynthetic  energy  conversion  calculated  for  PAR. 

The  correlations  between  various  data  characteristic  of  thè  organic  matter  production 
were  examined  with  regression  analysis  (Svàb,  1973). 


Acta  Botanica  Aeademiae  Scientiarum  Hungaricae  22,  1976 


PRODUCTION  AND  ENERGY  UTILIZATION  IN  LOESS  GRASSLAND 


41 


The  dominant  species  of  thè  stand  are  Stipa  capillata ,  Festuca  rupicola  and  Salvia  nerno- 
rosa.  Among  thè  other  species  thè  following  should  be  mentioned: 

Sedurti  maximum ,  Cytisus  austriacus ,  Medicago  falcata ,  Astragalus  onobrychis ,  Falcaria 
vulgaris ,  Asperula  cynanchica ,  Scabiosa  ochroleuca ,  Linum  tenuifolium ,  Euphorbia  cyparassias , 
Nonea  pulla ,  Stachys  recta ,  Calamintha  acinos ,  Thymus  marschallianus ,  Verbascum  lychnitis , 
Linaria  genistifolia ,  Veronica  spicata ,  Papaver  dubium ,  Campanula  sibirica ,  Hypericum  per - 
foratum ,  Achillea  collina ,  Senecio  jakobaea ,  Xeranthemum  annuum ,  Centaurea  sadleriana. 
Taraxacum  serotinum ,  Silene  otites ,  Allium  sphaerocephalum ,  Allium  flavum ,  Asparagus  offi- 
cinalis ,  Poa  angustifolia ,  Dactylis  glomerata ,  Agropyron  repens  (thè  enumeratimi  follows  Soó  — 
Kàrpati,  1968). 

The  majority  of  thè  dry  weight  of  living  plant  parts  was  throughout  obtained  from 
Stipa  capillata  (its  average  share  was  64%,  minimum  41%,  maximum  77%).  Festuca  rupicola 
is  rather  significant  (on  thè  average:  12%,  minimum  7%,  maximum  33%),  and  also  Salvia 
nemorosa  (10%  on  thè  average;  minimum  0%,  maximum  23%). 

The  average  share  of  thè  other  species  was  13%  (minimum  6%,  maximum  26%). 
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Fig.  J.  Nagyhegy  and  its  environment  near  Dunafòldvàr 


Results 

The  cover  of  thè  stand  varied  between  40  and  60%  during  thè  vegetation 
period;  it  was  thè  greatest  in  June  and  July. 

The  proportion  of  thè  dead  plant  parts  was  on  thè  average  42%  in  thè 
dry  matter  production,  part  of  which  originated  from  thè  production  of  thè 
previous  years.  A  great  part  of  thè  dead  matter  also  consisted  of  Stipa  capillata 
and  Festuca  rupicola . 

Changes  in  thè  living  and  dead  matter  weight  proportions  of  thè  domi¬ 
nant  species  during  thè  vegetation  period  are  shown  in  Fig.  2. 

The  quantitative  data  of  thè  organic  matter  are  given  in  Table  2;  thè 
values  characteristic  of  thè  productivity  in  thè  stand  are  summarized  in  Table 
3,  and  demonstrated  in  Fig.  3. 
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Table  2 


Quantitative  data  of  dry  matter ,  total  carbohydrate  and  total  nitrogen  contents 


Dry  weight  (g/m2) 

Time 

of  sampling 

Living  parts 

Dead  part 

Together 

Stipa 

Festuca 

Salvia 

Other 

Total 

DM 

140.10 

12.20 

8.40 

23.08 

183.78 

201.20 

384.98 

IV.  29. 

CH 

29.93 

3.71 

3.47 

5.09 

42.20 

42.15 

83.35 

N 

2.38 

0.23 

0.37 

1.04 

4.02 

4.02 

8.04 

DM 

210.40 

45.20 

81.20 

51.56 

388.36 

210.12 

598.48 

V.  30. 

CH 

61.48 

12.18 

11.65 

11.14 

96.45 

43.39 

139.84 

N 

3.79 

0.79 

y4.87 

3.09 

12.54 

4.83 

17.37 

DM 

360.00 

58.40 

92.60 

66.60 

577.60 

340.00 

917.60 

VI.  27 

CH 

98.28 

16.53 

9.45 

14.79 

139.05 

80.92 

219.97 

N 

10.80 

1.23 

3.33 

4.33 

19.69 

11.90 

31.59 

DM 

506.80 

70.00 

185.60 

46.00 

808.40 

384.00 

1192.40 

VII.  30. 

CH 

152.55 

21.56 

32.48 

10.95 

217.54 

84.67 

302.21 

N 

14.19 

1.64 

4.27 

2.21 

22.31 

10.37 

32.68 

DM 

362.60 

34.40 

25.38 

66.76 

489.14 

339.20 

828.34 

Vili.  30. 

CH 

154.83 

8.19 

4.44 

16.36 

183.82 

85.48 

269.30 

N 

8.34 

0.62 

0.41 

1.90 

11.27 

7.12 

18.39 

DM 

350.40 

40.20 

10.40 

52.40 

453.40 

360.20 

813.60 

IX.  28. 

CH 

144.71 

10.83 

1.94 

12.47 

169.95 

93.90 

263.85 

N 

8.41 

0.74 

0.15 

1.20 

10.50 

8.46 

18.96 

DM 

72.80 

58.32 

— 

46.60 

177.72 

489.20 

662.92 

X.  28.  j 

CH 

29.30 

21.64 

— 

9.76 

60.70 

119.85 

180.55 

N 

1.67 

0.96 

— 

1.35 

3.98 

10.03 

14.01 

DM  =  dry  matter 
CH  =  carbohydrate,  total 
N  =  nitrogen,  total 


It  can  be  stated  that  thè  stand  increased  up  till  thè  end  of  July,  then  thè 
quantity  of  thè  ahove-ground  dry  matter  began  to  decrease,  first  at  a  rapid 
pace  then  at  a  slower  one.  The  total  production  in  thè  period  examined  was 
281.94  g/m2,  which  in  a  daily  average  amounts  to  1.549  g/m2. 

Changes  in  thè  carbohydrate  production  follow  only  partly  thè  course 
of  thè  dry  matter  production.  The  cause  of  thè  deviations  was  that  thè  total 
carbohydrate  concentration  significantly  changed  during  thè  growth  period; 
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Table  3 


Productivity  of  thè  stand 


Period 

Dry  matter 

Total  carbohydrate 

Total  nitrogen 

Total 

(g/m2) 

Daily 

(g/m2/day) 

Total 

(g/m2) 

Daily 

(g/m2/day) 

Total 

(g/m2) 

Daily 

(g/m2/day) 

IV.  29— V.  29. 

1 

+213.50 

+  6.887 

+56.49 

+  1.822 

+  9.33 

+  0.301 

V.  30— VI.  26. 

+319.12 

+  11.397 

+  80.13 

+2.862 

+  14.22 

+  0.508 

VI.  27— VII.  29. 

+274.80 

+  8.327 

+82.24 

+2.492 

+  1.09 

+0.033 

VII.  30— Vili.  29. 

-364.06 

-11.743 

-32.91 

-1.062 

-14.29 

-0.461 

Vili.  30— IX.  27. 

-  14.74 

0.508 

—  5.45 

-0.188 

+  0.57 

+0.020 

IX.  28  — X.  27. 

-146.68 

-  4.889 

-83.30 

-2.777 

-  4.95 

-0.165 

Total 

+281.94 

+  1.549 

i 

+97.20 

+0.534 

+  5.97 

+0.033 

A. 


29.4.  30.5.  27.6.  30.7.  30.8.  28.9.  28.10. 

fi  living 

B.  dead 


Stipa 

Festuca 

Saluia 

other 


Fig.  2.  A:  proportion  of  living  and  dead  plant  parts  (weight  %);  B:  distribution  of  living 
plant  parts  according  to  species  (weight  %) 


it  reached  its  maximum  in  August  and  it  was  higher  in  thè  second  half  of  thè 
vegetation  period. 

The  carbohydrate  production  during  thè  vegetation  period  was  97.20 
g/m2,  thè  daily  increase  was  0.534  g/in2.  This  amounted  to  34%  of  thè  dry 
matter  production.  The  changes  in  thè  nitrogen  production  show  also  only 
approximately  a  similar  course  to  those  occurringin  thè  dry  matter  production. 
The  total  nitrogen  concentration  increased  up  till  thè  end  of  June,  then  it 
decreased  and  became  higher  only  in  thè  first  half  of  vegetation  period  (Fig. 
4).  During  thè  182  days  of  thè  investigation,  thè  total  nitrogen  production 
was  5.97g;  this  corresponds  to  a  daily  0.033  g/m2  average  increase.  About  2% 
of  thè  accumulated  dry  matter  content  is  nitrogen. 
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1.  2.  3.  4.  5.  6.  7, 

1 — I - 1 - 1 - 1 - 1 - [ - 1 — 

29.4  30.5  27i6  30.7  30.8  28.9  28.10 


Fig.  3.  Changes  in  thè  organic  matter  quantity  (dry  matter,  carbohydrate  and  nitrogen) 

in  thè  sampling  periods 


Discussion 

The  results  of  thè  regression  analysis  related  to  thè  organic  matter 
quantity  of  a  unit  area  are  summarized  in  Table  4. 

On  thè  hasis  of  our  data  there  is  a  positive  correlation  between  thè  quan- 
tities  of  dry  matter  and  carbohydrate  and  nitrogen;  their  correlation  is  linear; 
thè  total  nitrogen  content  is  in  a  rather  dose  linear  regressional  correlation 
with  thè  quantity  of  thè  dry  matter.  However,  in  thè  dead  plant  parts  a 
similarly  dose  correlation  can  only  be  found  in  thè  total  carbohydrate. 
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Table  4 


Results  of  thè  dry  matter  quantity ,  to  thè  total  nitrogen  content  and  to  thè  total 

carbohydrate  content 


Drv  matter  and  carbo¬ 
hydrate  production 

Dry  matter  and  nitrogen 
production 

Carbohydrate  and  nitro¬ 
gen  production 

Regressional  equa- 
tion  (Y’  =  a  + 

+  bX) 

—  in  living  parts 

Y’  =  10.81  +  0.27X 

Y’= — 1.28+0.03X 

Y’=1.37+0.082X 

—  in  dead  parts 

Y’  =  11.45+0.27X 

Y’  =  +  0.47+0.023X 

Y’  — 1.86+0. 079X 

Regressional  coef- 
ficient  with  stand¬ 
ard  deviation 
(b±sb) 

—  in  living  parts 

+0.27  ±0.0545 

+0.03  ±0.0042 

+0.082+0.0306 

—  in  dead  parts 

+0.27+0.0320 

+0.023+0.0081 

+0.079+0.0315 

Correlation  coeffi- 
cient  (r) 

—  in  living  parts 

+0.91 

+0.95 

+0.77 

-  in  dead  parts 

+0.98 

+0.78 

+0.75 

Determination  co- 
efficient  (r2) 

—  in  living  parts 

0.8295 

0.9118 

0.5918 

—  in  dead  parts 

0.9663 

0.6168 

0.5599 

Probability  level  of 
significance  in  thè 
correlation  (P) 

1% 

0.1% 

5% 

—  in  living  parts 
—  in  dead  parts 

o.i% 

5% 

10% 

The  correlation  is  looser  in  thè  changes  of  thè  nitrogen  content  (Figs  5 
and  6).  The  rate  of  correlation  is  significantly  influenced  by  thè  fact,  mentioned 
above,  that  thè  total  carbohydrate  and  thè  total  nitrogen  concentrations 
during  thè  experimental  period  are  not  Constant,  and  thè  courses  of  their 
changes  differ  even  from  eacli  other  (Fig.  4). 

Similarly,  a  positive  linear  regressional  correlation  exists  between  thè 
total  carbohydrate  and  total  nitrogen  contents;  their  correlation,  however,  is 
not  dose,  expecially  not  in  thè  dead  plant  parts  (Fig.  7).  This  is  in  connection 
with  thè  statement,  already  mentioned,  that  changes  in  thè  total  carbo¬ 
hydrate  and  total  nitrogen  concentrations  are  not  of  thè  same  character  during 
thè  vegetation  period. 

When  comparing  thè  total  carbohydrate  and  total  nitrogen  concentra¬ 
tions  it  can  he  inferred  that  a  higher  carbohydrate  concentration  is  in  generai 
accompanied  by  a  lower  nitrogen  concentration  and  vice  versa  (Fig.  4);  how¬ 
ever,  their  correlation  is  not  linear. 
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J'ig.  4.  Changes  in  thè  total  carbohydrate  and  total  nitrogen  concentrations  of  thè  dry 
inatter  during  thè  vegetation  period 


dry  -  matter 

Fig.  5.  Correlation  between  thè  quantities  of  dry  inatter  and  carbohydrate 


The  energy  utilization  of  thè  stand  in  relation  to  thè  various  experimental 
periods  is  given  in  detail  in  Table  5. 

Up  till  thè  end  of  July,  thè  stand  utilized  0.79%  of  thè  global  radiated 
energy,  thè  highest  utilization  (1.03%)  took  place  in  June.  In  thè  investiga- 
tion  period  of  128  days,  thè  energy  utilization  of  thè  stand  was  0.17%. 
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Fig.  6.  Correlation  between  thè  quantities  of  dry  matter  and  nitrogen 


Fig.  7.  Correlation  between  carbohydrate  and  nitrogen  quantities 


Table  5 

Energy  conversion  of  thè  plant  stand 


Period 

Energy  value 
of  thè  production 
(cal/ra2) 

Conversion, 

% 

IV.  29 -V.  29. 

854.00 

0.66 

V.  30— VI.  26. 

1276.48 

1.03 

VI.  27— VII.  29. 

1099.20 

0.71 

IV.  29— VII.  29. 

3229.68 

0.79 

VII.  30  — X.  27. 

— 

IV.  29— X.  27. 

1127.76 

0.17 
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Summary 

By  a  monthly  sampling,  from  thè  end  of  Aprii  till  thè  end  of  October, 
1974,  thè  organic  matter  production  and  photosynthetic  energy  utilization 
of  a  Salcio-  Festucetum  rupicolae  pannonicum  stipetosum  capillatae  plant  stand 
of  thè  Mezofòld  were  examined.  We  can  state  as  follows. 

1.  A  majority  of  thè  dry  matter  content  of  thè  living  parts  was  given 
throughout  by  Stipa  capillata  ;  besides  it,  thè  proportion  of  Festuca  rupicola 
and  Salvia  nemorosa  was  rather  significant.  In  thè  dry  matter,  thè  proportion 
of  thè  dead  plant  parts  was  42%  on  thè  average. 

2.  The  stand  increased  until  thè  end  of  July,  and  to  thè  greatest  extent 
in  June.  The  total  production  during  thè  whole  investigation  period  was  281.94 
g/m2,  representing  productivity  of  1.549  g/m2;  34%  of  this  was  carbohydrate 
and  2%  was  nitrogen. 

3.  The  changes  in  thè  total  carbohydrate  and  total  nitrogen  contents  of 
thè  dry  matter  follow  only  partly  thè  course  of  changes  in  thè  dry  weight. 
The  deviations  can  be  explained  by  thè  changes  in  their  concentrations  during 
thè  vegetation  period.  The  total  nitrogen  concentration  was  higher  in  thè  first 
half  of  thè  vegetation  period  while  thè  total  carbohydrate  content  in  thè  second 
half. 

4.  The  quantity  of  thè  dry  matter  of  thè  living  parts,  and  thè  carbo¬ 
hydrate  and  nitrogen  contents,  respectively,  are  in  a  dose  positive  linear 
correlation.  Concerning  thè  dead  parts,  this  is  dose  in  thè  total  carbohydrate 
content. 

5.  There  exists  a  positive  linear  regressional  connection  between  thè 
carbohydrate  and  nitrogen  contents,  but  thè  correlation  is  not  dose. 

6.  It  can  be  stated  that  thè  higher  carbohydrate  concentration  is  in 
generai  accompanied  by  a  lower  nitrogen  content. 

7.  During  its  growth,  from  thè  end  of  Aprii  to  thè  end  of  July,  thè  stand 
utilized  0.79%  of  thè  radiated  global  energy,  while  in  June  it  used  1.03% 
of  it.  As  regards  thè  whole  investigation  period,  thè  energy  utilization  was 
0.17%. 
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ECOLOGICAL  OBSERVATIONS  ON  THE  AQUATIC 
HYPHOMY CETES  OF  HUNGARY,  II 

OBSERVATIONS  ON  BIOTOPES  OF  AQUATIC  HYPHOMYCETES  IN  SW  HUNGARY 

By 

J.  Gònczol 

BOTANICAL  DEPARTMENT,  HUNGARIAN  NATURAL  HISTORY  MUSEUM,  BUDAPEST 
(Received  January  28,  1976) 

The  paper  describes  an  unusual  and  less  known  habitat  of  aquatic  Hyphomy- 
cetes  —  hollows  in  trees  —  inaddition  to  thè  aquatic  Hyphomycetes  of  gutters  and  open 
ditches  in  thè  area  of  reference. 

Leaves  decaying  under  water  in  these  habitats  were  studied  showing  thè  sequence 
of  thè  true  aquatic  Hyphomycetes  and  that  of  thè  so-called  “aero-aquatic”  —  helico- 
sporous  —  Hyphomycetes. 

The  paper  further  discusses  and  illustrates  thè  conidia  of  foam  sample  collected 
from  a  non-aquatic  and  also  unusual  habitat. 

Introduction 

Earlier  papers  (Gònczol,  1971;  1974;  1975/a;  1975/b.)  discusseci  thè 
aquatic  Hyphomycetes  of  thè  montane  streams  in  thè  Central  Hungarian 
Range  (300 — 1000  m.)  The  aquatic  biotopes  examined  heretofore  have  been 
mountain  characterized  in  their  majority  by  rapid  flow,  and  a  usually  rocky 
bed.  Smaller  to  larger  rapids  and  water-falls  are  frequent  there,  causing  a 
rapid  movement  at  water  and  thè  formation  of  fresh  waters  rich  in  solved 
oxigen.  I  studied  thè  aquatic  Hyphomycetes  of  these  mountain  streams  inainly 
in  thè  Mountains  Bòrzsòny  for  some  time  (1969 — 1975),  and  compared  them 
to  some  extent  with  thè  material  deriving  from  other  streams  of  Hungarian 
mountains. 

In  thè  summer  of  1975,  I  attempted  for  thè  first  time  to  investigate  thè 
aquatic  Hyphomycetes  in  SW  Hungary.  This  part  of  thè  country  (thè  comitats 
Zala  and  Vas)  differs  significantly  from  thè  centrai  range  in  both  their  geograph- 
ical  and  hydrographical  conditions.  This  is  a  hilly  terrain  of  150 — 300  m 
height  covered  with  sand,  clay  and  brown  forest  soil,  interrupted  frequently  by 
valleys.  The  slopes  of  thè  hills  are  under  agriculture,  while  thè  hill  tops  are 
mainly  covered  with  beeches,  many  cases  mixed  with  chestnut  ( Castanea 
sativa ),  while  thè  streams  are  mostly  hemmed  in  by  alder  (Alnus  glutinosa ). 
Streams  similar  to  those  of  thè  Central  Ranges  are  not  to  be  found  here.  The 
water  of  thè  ditches  meandering  at  thè  feet  of  thè  hills  and  thè  water  of  thè 
drains  siphoning  off  inland  waters  flow  slowly,  they  are  almost  stagnant, 
opalescent  owing  to  their  clayey  or  humic  deposits. 
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Results 

Foam  formation  on  thè  water  of  thè  ditches  under  thè  conditions  outlined 
above  is  rare.  In  July,  1975,  I  collected  in  thè  ditches  for  thè  first  time.  Hardly 
any  water  movement  and  no  foam  were  to  be  found  anywhere.  I  could  not 
detect  any  aquatic  Hyphomycetes  spores  in  thè  water  samples  examined  by 
means  of  sedimentation  and  filtration.  In  October,  1975,  I  collected  for  thè 
second  time  in  this  habitat.  Leaf  denudation  had  already  started  and  in  thè 
water  there  were  many  of  decaying  alder  leaves.  Owing  to  thè  rains  which 
had  been  fading  for  a  longer  time,  water  was  plentiful  in  thè  canals  and  ditches 
and  it  kept  moving  and  I  found  even  foam  in  one  or  two  places. 

The  spore  material  found  in  thè  foam  specimens  was  rather  poor  in  both 
species  and  individuai  numbers.  The  most  frequent  was  thè  conidium  of 
Tetracladium  marchalianum  de  Wild,  similarly  to  thè  autumn  samples  of  thè 
alder  woods  in  thè  mountain  streams.  The  other  species  occurred  in  nearly 
identical  frequencies,  as  follows: 

Alatospora  acuminata  Ing. 

Anguillospora  longissima  (de  Wild.)  Ingold 

Heliscus  aquaticus  Ing. 

Tetracladium  setigerum  (Grove)  Ing. 

Tricladium  angulatum  Ing. 

Tricladium  anomalum  Ing. 

Besides  those  enumerated  above,  thè  colourful  spores  of  various  terrestrial 
fungi  also  occurred  in  a  rather  great  number;  they  had  in  all  probability  appeared 
secondarily  in  thè  water. 

On  thè  decaying  alder  leaves  collected  from  thè  water  of  thè  canals,  thè 
spore  production  of  Tetracladium  marchalianum  and  of  Anguillospora  longissima 
started  on  thè  second  to  third  day  of  incubation;  later,  at  thè  beginning  of 
November,  thè  conidia  of  Tetracladium  setigerum  appeared  in  greater  numbers. 

According  to  thè  preliminary  investigations,  thè  aquatic  Hyphomycetes 
of  thè  streams  of  this  region  is  much  more  monotonous  and  poorer  than  those 
of  thè  mountain  streams.  Among  thè  causes,  thè  slow  water  movement,  thè 
greater  richness  in  organic  matter  and  thè  rather  monotonous  leaf  material 
may  have  a  part  to  play. 

Seeking  for  further  aquatic  Hyphomycetes  biotopes  when  sampling  in 
July,  1975  I  found  smaller  and  larger  holes  in  trees.  In  some  of  them  there 
were  not  only  wet,  decaying  detritus  but  also  some  water  as  well.  One  well 
accessible  hole  was  at  a  height  of  about  1.5  m,  in  thè  trunk  of  a  beech  tree 
40  cm  in  diameter. 

The  hollow  was  about  20  cm  deep  and  thè  water  reached  a  height  of  5 — 
10  cm.  At  thè  bottom  of  thè  hollow  I  found  a  decaying  sediment  of  several 
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cm  thickness,  but  thè  water  above  it  was  clear  and  odourless.  I  took  a  sample 
of  some  100  mi.  There  was  a  copious  material  of  mostly  beech  leaves  in  a  state 
of  advanced  decay.  I  also  collected  some  of  these. 

Until  that  time  I  had  no  information  that  a  hole  in  a  tree  can  also  rep- 
resent  an  aquatic  Hyphomycetes  habitat.  I  was  astonished  to  find  conidia 
in  a  large  number  in  thè  water  sample  taken  from  thè  hollow  tree  (No.  1.), 
even  though  those  were  conidia  of  Alatospora  acuminata  Ingold  that  is  one 
of  thè  most  widespread  species  over  thè  world. 

The  spores  of  Camposporium  pellucidum  (Grove)  Hughes  were  found  in 
about  a  similarly  large  number.  The  spores  of  both  species  were  sound  and 
fresh,  which  proved  that  they  might  bave  come  into  existence  not  shortly 
before  I  found  them.  At  a  distance  of  a  few  hundred  meters  from  this  beech 
tree  I  happened  on  a  similarly  hollow  tree.  There  was  a  smaller  quantity  of 
water  and  a  thicker  layer  of  deposit,  but  thè  conidia  of  Alatospora  acuminata 
could  be  removed  in  masses  from  thè  water  sample. 

Next  day  I  went  to  a  farther  beech  forest  about  30 — 40  km  removed 
from  thè  former  place  of  sample  collecting.  Here  I  also  succeeded  in  finding  a 
beech  tree  with  a  large  hole  (No.  2),  from  its  water,  Alatospora  acuminata  and 
Camposporium  pellucidum  could  be  shown  in  a  great  number.  Besides  them, 
a  few  conidia,  with  all  probability  those  of  Tricladium  sp.,  emerged  from  thè 
sample  (Piate  II,  Fig.  2). 

After  examining  thè  skeletonized  leaves  which  had  been  collected  from 
thè  hollow  trees,  I  found  that  only  Alatospora  acuminata  produce  spores,  and 
even  this  species  only  with  a  frequency  of  a  few  individuals.  On  thè  leaf  skel- 
etons,  which  were  kept  in  Petri  dishes  under  a  thin  layer  of  distilled  water  and 
were  slightly  ventillated,  thè  production  of  spores  increased  after  a  few  days, 
and  thè  spores  appeared  in  great  numbers  even  after  two  or  three  weeks. 

I  visited  thè  tree  holes  in  October  of  thè  same  year  for  thè  second  time. 
Denudation  was  in  its  initial  phase,  thè  weather  had  been  chilly  and  rainy 
since  some  days.  I  succeeded  in  finding  thè  trees  labelled  at  thè  time  of  thè 
former  sample  collecting  (site  No.  1);  I  took  samples  of  water  and  of  thè  decay- 
ing  leaves  —  in  thè  main  part  beech  and  elm  tree  leaves  ( Fagus  silvatica  and 
Ulmus  sp.).  In  one  of  thè  tree  hollows  I  found  about  thè  same  quantity  of 
water  as  on  thè  previous  occasion  in  summer,  but  this  time  I  found  thè  conidia 
of  Articulospora  tetracladia  in  thè  water  sample.  The  leaf  skeletons  were  in- 
cubated,  similarly  to  those  collected  in  summer,  and  after  as  short  a  time  as 
24  hours  thè  mass  production  of  Articulospora  tetracladia  could  be  experienced. 
Articulospora  tetracladia  Ing.  f.  angulata  (Tubaki)  Nilsson  also  occurred  among 
thè  conidia. 

In  tree  hollow  No.  2,  a  great  number  of  skeletonized  beech  leaves  were 
found  under  a  rather  thin  layer  of  water.  When  studying  them  in  thè  field, 
I  found  only  a  few  conidia  of  Alatospora  acuminata  in  thè  small  water  sample 
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full  of  detritus.  I  put  some  of  thè  leaf  skeletons  (mainly  Fagus  silvatica  leaves) 
into  Petri  dishes  and  kept  them  under  a  thin  layer  of  distilled  water.  On  thè 
second  day  I  examined  thè  material  and  observed  thè  mass  production  of 
Dactylella  submersa  (Ing.)  Nilsson  on  thè  leaf  skeletons  (Piate  I,  Figs  1 — 5). 

Mass  spore  production  could  be  observed  only  on  thè  beech  leaves.  On  a 
few  other  leaves  (probably  Ulmus  sp.,  or  Carpinus  betulus)  conidia  developed 
as  on  frequently  as  merely  a  few  individuals.  The  mature  conidia  were  fusiform, 
basally  obtuse,  pedicellate,  50 — 60x8 — 10  gm  (Piate  I,  Figs  3  and  5). 

Banhegyi  (1962)  reported  thè  conidia  of  Dactylella  submersa  from  moun¬ 
tain  streams  in  Hungary.  I  saw  them  in  stream  waters  only  on  one  or  two 
occasions;  I  have  never  found  them  growing  on  leaf  skeletons.  Only  a  few  data 
on  its  range  is  known,  although  it  is  an  iNGOLD-species  described  rather  long  ago 
(1944).  According  to  Nilsson,  it  is  rather  rare,  though  several  of  its  habitats 
are  known  from  Sweden.  However,  even  these  occurrences  are  known  not 
from  mountain  streams  but  from  ditches  and  canals  with  slowly  moving  or 
more  or  less  stagnant  waters.  The  present  Hungarian  data  seem  to  confirm 
that  this  species  inhabits  quiet  of  stagnant  waters.  Tree  hollows  are  an  extreme 
example  of  these  habitats. 


Discussion 

(1)  Tree  hollows,  as  habitats  of  aquatic  Hyphomycetes,  represent  further 
information  on  thè  distribution  of  this  group  of  fungi.  Since  both  sampling 
sites  (Nos  1  and  2)  were  far  from  any  kind  of  flowing  or  stagnant  waters,  thè 
probability  of  thè  fungi  being  transmitted  directly,  for  example  by  wind,  from 
these  biotopes  is  small.  Nevertheless,  tree  hollows,  as  extremely  isolated 
habitats,  have  their  own  flora  of  aquatic  Hyphomycetes  and  other  fungi. 
Their  connection  with  other  aquatic  and  land  habitats  is  presumably  more 
restricted  than  that  of  streams  and  of  stagnant  waters.  The  origin  of  thè  flora 
of  aquatic  Hyphomycetes  of  these  tree  hollows  is  an  interesting  problem, 
because  their  connection  “througli  thè  air”  with  thè  true  habitats  of  aquatic 
Hyphomycetes  is  rather  questionatile,  but  their  origin  from  thè  ground  is 
also  not  free  from  problems. 

It  seems  likely  that  a  large  portion  of  thè  leaves  reach  hollows  in  trees 
directly,  without  touching  thè  ground,  at  thè  time  of  denudation,  and  it  is 
only  a  smaller  portion  which  is  transmitted  from  thè  litter  that  has  already 
fallen  on  thè  ground. 

A  further  qucstion  is  whether  these  tree  hollows  occasionally  dry  out 
completely,  and  if  so  how  these  fungi  resettle  them. 

It  is  remarkable,  in  addition,  that  despite  thè  small  dimensions  and 
nearly  closed  state  of  thè  tree  hollows,  thè  fungus  species  follow  eacli  other 
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Piate  I:  Figs  1 — 2.  Young  coiiidia  of  Dactylella  submersa  growing  on  skeletonized  beech 
leaves  (  X  800;  Xl50).  Fig.  3.  Mature  conidium  of  Dactylella  submersa  at  thè  moment  of 
liberation  (x750).  Fig.  4.  Section  of  thè  leaf  vein  with  thè  conidia  of  Dactylella  submersa 
in  various  stages  of  developinent  (xllO).  Fig.  5.  Mature,  liberated  conidia  of  Dactylella 

submersa  (x410) 
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periodically  —  similarly  to  thè  case  with  thè  “large”  hiotopes  (those  of  streams 
and  lakes)  —  at  least  thè  differences  found  in  thè  summer  and  autumn  samples 
allow  this  inference. 

(2)  There  is,  however,  also  a  remarkahle  deviation  in  thè  sequence  of 
thè  species,  which  I  have  never  been  able  to  observe  ori  thè  leaves  originating 
froin  streams.  It  could  namely  be  oliserved  in  both  thè  summer  and  thè  autumn 
material  of  leaf  skeletons  that  as  soon  as  thè  covering  water  layer  subsided  to 
such  an  extent  that  it  no  longer  covered  but  stili  kepi  thè  leaves  wet,  thè  lielico- 
sporous  Hyphomycetes  appeared  on  them.  Thus  I  found  spirai  conidia  in  great 
numbers  on  thè  leaves  collected  in  summer  (July).  They  probably  represented 
Helicodendron  westerdijkae  van  Beverwijk;  according  to  their  form  and  size, 
they  agreed  with  this  species.  Unfortunately,  all  conidia  was  observed  only  in 
their  mature,  liberated  state  (Piate  II,  Fig.  5),  thus  their  exact  identification 
was  not  possible. 

In  thè  case  of  thè  species  appearing  on  thè  leaf  material  collected  in 
autumn  (October),  identification  was  easier,  because  thè  leaf  vein  network, 
emerging  from  thè  receding  water,  was  almost  completely  covered  with  a 
greyish-green  coat  of  a  fungus,  representing  Helicodendron  paradoxum  Pey- 
ronel  (Piate  II,  Figs  1,  3  and  4). 

(3)  The  relationship  between  thè  fungus  species  described  above  and  thè 
hollow^  forest  trees  is  obvious,  even  though  their  appearence  in  them  is  stili 
unclarified. 

During  thè  sample  collecting  in  October  1975,  I  succeeded  in  obtaining 
a  foam  sample  w^hose  place  of  origin  was  stili  more  unusual.  On  thè  day  of  col¬ 
lecting,  it  rained  all  day,  washing  down,  as  it  were,  every  tree  of  thè  forest. 
Denudation  has  just  begun,  a  large  part  of  thè  foliage  was  stili  on  thè  trees. 

From  beech  tree  of  magnificant  size,  far  from  all  kinds  of  flowing  or 
stagnant  waters,  a  foam  from  thè  rain  water  accumulated  at  thè  base  of  thè 
tree.  From  thè  foam  sample  collected  there,  thè  conidia  (demonstrated  in  Piate 
III,  Figs  1 — 9)  w  ere  obtained.  Some  of  them  have  already  been  described  from 
stream  foam.  The  frequency  of  conidia  in  thè  foam  specimen  did  not  reacli  thè 
usuai  one  from  thè  foam  of  streams,  but  even  so,  100 — 200  conidia  could  on  thè 
average  be  found  in  thè  water  drops  examined. 

I  could  identify  only  thè  characteristic,  bifurcate  conidia  of  Diplocladiella 
scalaroides  Arnaud,  already  well  known  from  stream  foam  samples  (Gonczòl 
-  Tóth,  1974;  Ingold,  1975).  Of  these  conidia,  I  found  only  a  few  specimens 
in  one  or  two  drops.  The  most  frequent  conidium  of  thè  sample  resembled 
macroconidia  of  a  Nectria  sp.  of  50 — 90x5.5 — 6.5  pm  site  (Fig.  5).  I  found 
50 — 100  individuate  per  drop.  The  conidia  shown  in  Figs  1 — 4  were  of  similar 
frequency.  Among  these,  thè  T-shaped  conidia,  shown  in  Figs  1 — 2,  w  as  observ¬ 
ed  on  one  occasion  ateo  in  a  stream  foam  sample.  They  are  surely  identical 
with  thè  type  described  by  Miura  (1974,  p.  295;  Fig.  27). 
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Piate  II:  Figs  1  and  3.  Conidiophore  of  Helicodendron  paradoxum  Peyronel,  with  growing 
and  mature  conidia  (x850;  X  230).  Fig.  2.  Conidiuin  of  Tricladium  sp.  found  in  thè  w  ater 
of  a  tree  hollow  (  X  900).  Fig.  4.  Liberated  mature  conidia  of  Helicodendron  paradoxum 
(  X  850).  Fig.  5.  Mature  conidia  of  Helicodendron  westerdijkae  vari  Beverwijk  (  X  1000) 
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Piate  III:  Figs  1—9.  Conidia  found  in  thè  foam  of  rainwater  washing  down  a  beech  tree 
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On  thè  basis  of  their  frequency  of  occurrence,  thè  spore  types  shown  in 
Figs  3  and  4  follow.  I  am  not  quite  sure  whether  they  are  fungi.  In  their  forni 
and  size  they  were  similar  to  thè  type  shown  by  Miura  (1974,  p.  302;  Fig.  85). 

A  few  representatives  of  thè  types  shown  in  Figs  6  and  7  occurred  con- 
sistently  in  each  of  thè  drops  examined,  butmore  rarely  than  those  of  thè  former 
types.  In  Fig.  7,  thè  representative  of  a  conidium  is  presumably  identical  with 
those  described  by  Marvanova  and  Marvan  (1963,  p.  114;  Fig.  6),  and  by 
Miura  (1974,  p.  297,  Fig.  53).  The  types  shown  in  Figs  8  and  9  could  be  seen 
only  a  few  times.  The  former  one  may  possibly  represent  a  Volucrispora  sp. 


Summary 

Four  aquatic  Hyphomycetes  ( Alatospora  acuminata ,  Articulospora  tetra - 
cladia ,  Dactylella  submersa ,  Tricladium  sp.)  could  be  demonstrated  in  thè  col- 
lected  samples  from  a  relatively  rare  habitat  i.e .  tree  hollows;  this  biotope  is 
unusual  for  these  fungi.  In  addition,  in  thè  water  of  tree  hollows  also  a  terrestrial 
fungus  appeared  ( Camposporium  pellucidum  (Grove)  Hughes)  which  occurs 
—  not  rarely  —  also  in  stream  foams  (Gonczol  -  Tóth,  1974;  Ingold,  1975). 
According  to  thè  observations,  this  fungus  seems  a  not  exclusively  terrestrial 
type.  Ingold  (1975)  found  it  producing  spores  on  submersed  alder  leaves.  Its 
occurrence  in  thè  water  of  tree  hollows  in  Hungary  also  corroborates  its  aquatic 
life  form  in  certain  conditions.  The  rather  frequent  occurrence  in  a  relatively 
small  number  of  samples  of  conidial  types,  outlined  briefly  in  (3)  of  thè  Dis- 
cussion,  allows  thè  inference  that  their  presence  there  is  not  accidental  but 
somehow  connected  with  thè  living  tree.  Their  introduction  from  thè  soil  or 
eventually  from  thè  litter  is  hardly  likely,  since  they  accumulated  in  thè  foam 
deriving  from  thè  rain  which  watered  thè  foliage,  branches  and  trunk  of  thè 
tree. 

In  recent  years  some  observations  were  published  which  proved  thè  land 
occurrence  (on  thè  ground,  on  decayed  and  living  plants)  of  fungus  species  which 
formerly  had  been  assumed  to  be  aquatic:  mostrecently  Park  (1974)  published 
thè  list  of  these  species.  At  thè  same  time,  in  thè  course  of  investigating  aquatic 
Hyphomycetes  also  fungus  species  were  found  which,  though  hitherto  regarded 
as  terrestrial,  grow  well  and  produce  spores  when  covered  with  water  (Campo¬ 
sporium  pellucidum ,  Diplocladiella  scalaroides). 

These  observations  cali  attention  to  thè  fact  that,  according  to  our  pres- 
ent  knowledge,  thè  border  between  aquatic  and  terrestrial  Hyphomycetes  is 
far  from  being  clarified. 
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SPATIAL  DEPENDENCE  OF  PLANT  POPULATIONS 
PART  I.  EQUIVALENCE  ANALYSIS  (AN  OUTLINE 
FOR  A  NEW  MODEL) 

P.  Juhasz-Nagy 
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Traditional  terms  and  methods  cannot  cover  many  aspects  of  spatìal  dependence 
of  naturai  populations.  (Spatial  dependence  includes  such  old  terms  as  “association 
between  species”,  “interspecific  correlation”,  “sample  similarity”  as  well.)  This  series 
of  papers  is  aimed  at  presenting  a  number  of  new  inodels  which  may  provide  a  better 
insight  into  some  neglected  problems.  Special  emphasis  is  put  on  a  space-dynamic 
approach  ( i.e .  on  some  spatial  processes).  Our  first  model  is  concerned  with  a  certain 
generalization  of  thè  attribute  duality  principle. 


0.  Primary  discussion 

0.1  In  an  excellent  review,  Goodall  has  recently  summed  up  a  huge 
number  of  studies  on  “sample  similarity  and  species  correlation”.  This  im- 
portant  paper  (Goodall,  1973)  makes  quite  unnecessary  to  repeat  here  many 
established  results,  and  makes  possible  to  pay  more  attention  to  certain 
future  tasks.  Goodall,  in  one  of  his  main  concluding  remarks  (p.  141),  wrote 
that  “.  .  .  there  is  notliing  absolute  about  correlation  between  species  —  it  is 
entirely  context-dependent”.  Indeed,  after  too  long  a  period  of  pioneering 
work,  it  is  high  time  to  study  thè  manyfold  sources  and  problems  of  context- 
dependence.  This,  to  say  thè  least,  is  not  going  to  he  an  easy  job. 

0.2  In  thè  first  place,  our  terminology  is  quite  inadequate  to  thè  com¬ 
parative  work  that  must  be  performed.  Even  our  most  fundamental  terms 
are  vague  and  ambiguous,  in  praxi . 

0.2.1  “Correlation”,  for  instance,  cannot  be  such  a  centrai  concept  as 
it  is  suggested  by  thè  title  and  wording  of  Goodall’s  paper.  As  it  is  well 
known,  two  random  variables,  X  and  Y,  may  be  dependent  and  yet  un- 
correlated  [p(X,  Y)  =  0],  because  correlation  is  restricted  to  thè  linear  de¬ 
pendence  of  X  and  Y  (cf.  e.g.  Feller,  1957,  p.  222).  This  restriction  has  thè 
heuristic  implication  that  “interspecific  correlation”  is  somehow  a  subcase  of 
“association  between  species”  (a  non-parametric  measure  of  locai  dependence). 
Association,  however,  has  a  number  of  serious  restrictions  of  other  types. 
Disregarding  at  thè  moment  either  thè  controversial  usage  of  this  term  in 
statistics  (Kendall — Stuart,  1963  —  67;  Maxwell,  1961),  or  some  rather 
special  meaning  attached  to  it  (e.g.  Volterra,  1926,  p.  33 — ),  we  may 
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confine  our  attention  to  a  single  ecological  convention.  Association  is  tradi- 
tionally  connected  with  “quadrat  methods”  (i.e.  methods  implying  geometrie 
measures);  this  is  why  Pielou  (1961,  1969)  has  introduced  her  important 
concepts  of  segregation  and  symmetry  (connected  with  plotless  methods). 
It  is  clear  that  all  these  terms  (like  “correlation”,  “association”,  “segrega¬ 
tion”)  do  represent  different  aspeets  of  a  more  generai  concept,  say,  “inter- 
local  dependence”  of  populations. 

0.2.2  According  to  a  metaphor  used  by  Goodall,  interlocal  dependence 
is  just  one  side  of  thè  coin.  The  other  side  of  it  may  said  to  he  “interfloral 
dependence”,  provided  that  our  sampling  procedure  is  of  thè  hinary  (flor- 
istic)  type.*  If  this  is  not  thè  case,  then  we  have  simply  no  acceptable  term 
for  covering  thè  attribute  dual  relations  of  interlocal  dependence.  “Sample 
similarity”  is  a  dubious  term  for  several  reasons.  First,  interlocal  dependence 
may  be  regarded  as  sample  similarity  as  well,  provided  that  we  use  thè  term 
“sample”  in  a  proper  way  (cf.  Wilks,  1962).  Secondly,  thè  world  “similarity” 
has  a  number  of  different  meanings  (Jardine — Sibson,  1971).  Thirdly,  it 
would  be  highly  desirable,  if  our  terms  were  able  to  express  thè  attribute  dual 
relations. 

0.3  This  possible  confusion  of  meaning  is,  however,  a  minor  problem 
compared  with  thè  difficulty  of  establishing  how  a  given  model  is  related  to 
a  certain  aspect  of  a  given  phenomenon.  Context-dependence  is,  in  fact, 
model-dependence  to  a  considerable  extent.  The  basic  trouble  is  that  our 
ability  of  comparing  results  gained  by  different  models  but  applied  to  thè 
same  object  is  extremely  limited.  This  limitation  is  due  to  several  reasons. 
One  of  these  is  that  we  have  stili  very  few  relevant  models.  We  use  frequently 
ad  hoc  “indices”,  instead  of  using  functions  with  well-known  properties. 
We  know  very  little  of  thè  “sensitivity  regions”  of  our  models,  and,  con- 
sequently,  of  how  models  are  related  to  certain  classes  of  models.  We  have 
such  classes  of  models  as  “structural  models”,  “classificatory  models”,  “sys- 
tems  models”,  and  so  on.  (Of  course,  we  may  think  of  classes  of  other  types, 
like  “models  of  ANOVA”,  “non-parametric  models”,  etc.) 

0.4  “Context-dependence”  in  thè  present  context  refers  mainly  to 
“structural  models”.  The  function  of  these  models  is  to  represent  spatio- 
temporal  and  “abstract”  (e.g.  topological)  structures  of  ecological  phenomena. 
There  is  a  striking  weakness  of  thè  present-day  structural  modelling.  Note 
that  from  thè  mid-sixties  on  (due  mainly  to  thè  starting  period  of  IBP,  and  to 
thè  world-wide  fashion  of  systems  modelling  and  ordination)  very  few  atten¬ 
tion  has  been  paid  to  developing  new  structural  models.  The  results  of  this 
eclipse  are  just  deplorable.  We  are  in  complete  ignorance  of  thè  scale-de- 


*  The  term  “spatial  dependence’4  in  thè  title  of  this  paper  includes  both  interlocal  and 
interfloral  similarity. 
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pendence  of  “non-physiognomic”  structures.  We  know  next  to  nothing  of 
thè  precise  change  of  spatial  dependence  during  thè  successional  processes. 
We  are  unable  to  cope  with  thè  difficult  problems  of  “patchy  environment” 
(Pianka,  1974).  There  are  very  few  papers,  indeed,  which  would  emphasize 
even  thè  most  elementary  relations  of  spatial  processes  (e.g.  Juhàsz-Nagy, 
1967a;  Noy-Meir  et  al.,  1970;  Fekete  —  Szócs,  1974). 

0.5  The  aim  of  this  series  of  papers  is  to  study  certain  neglected  prob¬ 
lems  of  context-dependence.  According  to  thè  rudimentary  remarks  made 
above,  this  intention  should  imply  several  things  (e.g.  propositions  of  new 
concepts  and  models,  investigations  on  thè  sensitivity  regions  of  old  and  new 
models,  etc.).  Special  emphasis  is  put  on  some  spatial  processes  and  other 
“factual  evidence”  of  context-dependence.  The  series  is  not  attempted, 
however,  to  being  systematic  or  comprehensive  in  any  sense. 


I.  Praeambulum 


1.1  The  present  paper  gives  a  brief  outline  of  a  simple  model.  Some 
use  of  thè  thè  model  will  be  discussed  in  thè  second  part  of  this  series. 

1.2  In  order  to  show  some  simple  features  of  our  present  problems, 
let  us  consider  thè  following  well-known  tables: 
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1.2.1  Table  (I;  1)  is  called  here  a  floristic  composition  *  where  row 
elements  represent  a  fiorai  universe,  a  basic  set  of  locai  plant  populations. 


*  “Composition”,  “species  composition”,  “floristic  composition”  etc.  is  used  most 
frequently  for  a  list  (a  set)  of  plant  populations.  This  jargon  seems  to  be  quite  idiotic  for  thè 
simple  reason  that  no  set  of  colours,  symbols  etc.  is  able  to  represent  thè  composition  of  any 
non-single  object  (say,  that  of  a  piece  of  art).  Composition  is  always  an  arrangement  (a  “basic 
structure”)  of  some  kind;  it  is  rather  a  set  of  relations ,  instead  of  being  a  set  of  single  objects 
(or  their  attributes). 
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Q  =  \a,  b,  c,  d},  and  column  elements  stand  for  a  set  of  sampling  units  (say, 
“quadrats”),  T  =  {tl9  t2,  .  .  .  ,  t8}.  Each  entry  of  (I;  1)  is  an  outcome  of  a 
binary  relation,  either  “presence”  (<1))  or  “absence”  (<(0>)  of  a  population 
in  a  sampling  unit.  Such  an  outcome  is  an  elementary  (“atomic”)  event  of  a 
sampling  experiment.  Binary  row  vectors  of  (I;  1)  are  called  locai  vectors 
representing  “locai  behaviour ”  of  elements  of  Q  in  terms  of  ordered  set  T- 
Binary  column  vectors  are  called  fiorai  vectors  representing  “fiorai  behaviour ’’ 
of  elements  of  T  in  terms  of  ordered  set  Q.  Accordingly,  row  and  column 
marginals  are  called  locai  and  fiorai  marginais,  respectively.  Further,  in  both 
pairs  of  marginals  there  is  a  valence  distribution  (due  to  event  <1))  and  an 
invalence  distribution  (due  to  event  <0)).  The  grand  totals  of  valence  and 
invalence  values  are  called  total  valence  and  total  invalence,  respectively. 

1.2.2  Tables  in  (I;  2)  stand  for  thè  usuai  2x2  tables,  where  pairs  of 
vectors  of  (I;  1)  are  to  be  compared  and  tested  usually  for  stochastic  inde- 
pendence.  The  degree  of  “dependency”  (i.e.  non-independence)  is  usually 
called  “similarity”  (or,  better,  “dissimilarity”)  between  thè  particular  vectors. 
Such  a  comparison  implies  a  4-tet  of  “molecular  events”  (<11>,  <10>,  <01>, 
<00>)  as  it  is  shown  in  table  a,  where  f  <11>,  f  <10),  ...  is  thè  frequency  of 
thè  particular  event.  Table  presents  a  special  case  of  a,  where  “interlocal 
similarity”  (vulgo,  association)  between  locai  behaviour  of  b  and  c  can  be 
studied  by  some  suitable  function. 

1.3  Pairwise  comparison  of  this  kind  is  always  convenient  and  useful, 
in  particular  for  classificatory  purposes  (see  Whittaker,  1973).  It  has,  however, 
some  serious  drawbacks  as  well.  (Besides,  there  is  no  theoretical  basis  for 
saying  that  comparison  of  3-tets,  4-tets,  .  .  is  “less  naturai”  than  that  of  2- 
tets.)  Indeed,  we  cannot  draw  any  inference  from  a  pairwise  comparison  as 
to  thè  partial  and  multiple  relations  among  components  of  Q  or  T  (JuhÀSZ- 
Nagy,  1967b).  The  same  is  true  for  some  measure  of  “overall  dissimilarity” 
(  Juhasz-Nagy — Dévai  — Horvath,  1973). 

1.3.1  Suppose  we  are  interested  in  such  a  multiple  measure  and  in  one 
neglected  aspect  of  locai  behaviour.  In  constructing  fi  of  (I;  2)  we  neglect 
entirely  fiorai  marginals.  The  question  arises  how  this  relation  between 
floristic  vectors  and  dual  marginals  can  be  taken  into  account. 

1.3.2  Let  us  introduce  thè  notion  of  equivalence  of  elementary  events 
in  terms  of  valence  values.  Outcomes  of  (I;  1)  are  said  to  be  equivalent  if 
and  only  if  they  are  related  to  thè  same  object  (element  of  Q  or  T )  and  have 
thè  same  dual  valence  (or  invalence)  values. 

1.3.3  Consider,  for  instance,  thè  event  <1)  related  to  population  d 
in  (I;  1).  Two  outcomes  (in  tG  and  £8)  are  equivalent  to  each  other  (having 
thè  same  fiorai  valence  value,  3)  but  thè  third  outcome  (in  ts)  is  not  equiv¬ 
alent  to  thè  others,  because  its  fiorai  valence  is  4.  Following  this  line  of  mak- 
ing  distinction  between  equivalent  and  non-equivalent  outcomes,  we  can 
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transform  table  (I;  1)  into  a  4x4  table  presented  below 
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(i;3) 


(I;  3)  is  called  a  <1  }-equivalence  table  [with  respect  to  (I;  1)]. 

1.3.4  Similarly,  for  event  (0)  and  fiorai  invalence  values  of  (I;  1)  we 
can  get  a  < Oy-equivalence  table  as  follows 
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1.4  How  can  one  draw  some  inference  from  tables  (I;  3)  and  (I;  4)?  — 
this  is  thè  problem  of  tlie  present  paper.  The  nature  of  data  suggests  a  simple 
model  based  on  information  theory.  For  thè  sake  of  a  fairly  concise  treat¬ 
ment,  first  a  more  precise  notation  is  to  he  introduced. 


II.  Notation 

II.  1  Let  r y  be  a  stand  area  of  a  certain  plant  community  whose  flora 
is  Qy  =  {ql9  q2,  .  .  .  ,  qe,  .  .  .  ,  qs}.  Qy  is  regarded  to  be  a  basic  (universal)  set 
and  called  fiorai  universe  as  before.  Let  Tj  be  a  set  of  sampling  units  (“plots’  ) 
of  geometrie  size  j,  Tj  =  {tyl,  tj2,  .  .  .  ,  t/(„  .  .  .  ,  tym}.  Elements  of  Ty  are  ran- 
domized  over  ry.  It  is  assumed  that  rn  — ►  oo.  By  confining  thè  term  “presence” 
(and,  of  course,  “absence”)  to  a  relation  between  ry  and  Qy,  let  nej„  be  a 
binary  relation  (namely,  an  indicator  function)  such  that 


ejg 


1,  if  qe  is  coincident  with  tJg  , 
0,  if  qe  is  incoincident  with  tJg  , 


(il;  i) 


where  coincidence  means  that  qe  is  an  element  of  thè  flora  q)jg  (i.e.  thè  flora 


5 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


JUHÀSZ-NAGY,  P. 


66 


of  tJg).  Thus,  a  floristic  composition,  K y-,  is  given  by 

27 

 *ji>  tjm  1  <1)  |  <Q> 


(il;  2) 


X0>  |  ii.jg  j  rij  ms 

which  is,  of  course,  a  “generai  form”  of  (I;  1).  It  is  always  assumed  that 
m  s. 

11. 1.1  The  following  simple  terminology  is  proposed: 

—  ìije.  is  locai  valence  of  qe  in  kj> 

—  nje.  is  locai  invalence  of  qe  in  Kj, 

—  n.jg  is  fiorai  valence  of  tja  in  Kj9 

—  n.jg  is  fiorai  invalence  of  tjg  in  Kj9 
-Nj  is  total  valence  of  Kj, 

—  Tij  is  total  invalence  of  Kj. 

11. 1.2  Let 

Vjq)  =  injv>  n]2-’  •  •  •} 

VT  =  {»,!•>  nj2.,  .  .  .} 

Vf  =  {«vi»  n’J*>  •  •  •) 

vf  =  {n.n,  n.J2,  .  .  .} 

as  frequency  distributions  of  valence  and  invalence  data  of  Kj,  respectively. 

11. 2  Suppose  that  there  is  a  class  of  sets  of  sampling  units  0;  laid-out 
over  Ty,  0;  =  {Tj,  T2,  .  .  .  ,  T;,  .  .  .  ,  Tu},  such  that 
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<ls 


nje. 


<1> 


• Jg 


Nt 


<«>  tlgdt2ga  ...cztjg<z  ...  c  tug, 

(by  tjg  tUg- 


Conditions  <(a>  and  are  satisfied  simultaneously  if,  for  intance,  we  have 
concentric  and  monotonously  increasing  circular  plots  as  sampling  units. 
In  this  case,  to  each  element  of  0  a  floristic  composition  can  be  attached. 
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The  resulting  set  of  compositions,  {K19  K2,  .  .  .  ,  KjT  .  .  .  ,  Ku },  has  a  number 
of  monotonity  properties  ( e.g .  Nx  <  N2  <  •  •  .  <C  Nj <  •  •  •  N;  nx  >  n2  > 
^>  .  .  .  rij  .  .  .).  The  spatial  processes  connected  with  — >  K2 

— >  _Ky  — ►  .  .  .  are  approximated,  for  instance,  hy  proper  function  defined  on 
frequency  distributions  of  II. 1.2. 

II. 3  Let  R  be  a  discrete  random  variable  for  thè  possible  values  of  fiorai 
valence;  R  =  0,  1,  2,  .  .  .  ,  r,  .  .  .  ,  s.  Let  gjr  be  thè  frequency  of  thè  value  r 
[(R  =  r)J  in  Kj ,  and  n.jr  =  rgjr .  With  this  notation  in  hand,  we  ha  ve 
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(II;  3) 


which,  of  course,  is  a  ‘‘generai  form”  of  (I;  3).  A  similar  generai  form  is  gained 
easily  for  (I;  4)  by  denoting  r  =  s  —  r,  fgjr  =  n.jr ,  from  which  we  have  (II;  4) 


.  f  . 

\  E 

le 

fi 

nje- 

er 

E 

n.jr 

ni 

(II;  4) 


II. 4  For  immediate  use,  let 
Znje.  log  nje.  --  Aj  , 

Zàje-  log  *je-  =  aj  > 

£gn-jg  lo8  n‘jg  =  BJ  ’ 

ln.jg  log  n.jg  =  bj  , 

Nj  log  Nj 

nj  log  Tlj 


2  $njer  !og  njer  =  Dj  > 

%  ^"-jer  l°g  ^er  =  dj  » 

In.jr  log  n.jr  =  Ej , 

En.jr  log  n.jr  =  ej , 

CJ ’ 

=  Cj. 
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II. 5  Contingency  information  of  (II;  3)  and  (II;  4)  is  given  by  (II;  5) 
and  (II;  6),  respectively, 

Njtj(E)  =  Cj  -  Aj  -  Ej  +  Dj ,  (II;  5) 

njìj(e)  =  ^  —  a,j  —  ej  +  dj.  (Il;  6) 

Njlj(E)  is  called  <(l)-equivalence  information,  and  ny/y(e)  is  called  <0)-equiv- 
alence  information.  Consult  Kullback  (1959)  for  a  proper  foundation  of 
thè  concept  “contingency  information”. 


III.  An  additive  relation 


III.  1  Let  us  define  thè  following  pair  of  quantities 

Njlj(K)  =  Cj  -  Aj  -  Bj ,  (III;  1) 

njtj(k)  =  cj  -  aj  -  6, .  (Ili;  2) 

(III;  1)  is  called  coincidence  information  [with  respect  to  events  <1)  of  (II;  2)] 
and  (III;  2)  is  called  incoincidence  information  [with  respect  to  events  <0> 
of  (II;  2)]. 

III. 2  In  order  to  relate  (III;  1)  to  (II;  5)  [and,  mutatis  mutandis,  (III;  2) 
to  (II;  6)]  a  simple  trick  is  introduced  by  decomposing  table  (II;  2)  into  a 
number  of  subcontingency  tables  according  to  thè  particular  values  of  va- 
riable  R.  This  procedure  can  easily  he  demonstrated  by  our  fictious  and 
oversimplified  data  of  I.  By  decomposing  table  (I;  1)  into  a  set  of  proper 
subtables,  we  have 


(*  =  1)  (*  =  2)  (R  =  3)  (R  =  4) 


1 

l  (IH;  3) 
1 
1 
4 


h 

h 

h 

t2 

h 

*6 

*8 

t3 

1 

1 

2 

1 

1 

1 

3 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

2 

1 

1 

2 

1 

0 

0 

0 

0 

1 

0 

1 

1 

1 

2 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 

1 

1 

1 

2 

2 

2 

2 

6 

3 

3 

6 

4 

It  is  easy  to  see  that  row  marginals  of  (III;  3)  correspond  exactly  to  columns 
of  (I;  3),  that  is  we  have  thè  following  “generai  subtable” 


(R  =  r) 

E 

iie 

n 

’^jer 

E 

r . r 

n-jr  =  rSjr 

£yr 

where  gjr  (as  in  II. 3)  is  thè  frequency  of  value  r  in  Vj\ 


(IH;  4) 
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III. 3  Let  us  define  thè  sum  of  weighted  information  contents  of  such 
a  complete  series  of  tables  like  that  in  (III;  3)  as 


Yj  =rYjgjr  log  rgjr  —  £ogjr  r  log  r  —£njer  log  njer 


=  Ej  Bj  Dj. 


(IH;  5) 


Yj  is  called  subcoincidence  information  of  a  Kj.  From  (II;  5)  and  (III;  5)  we 
see  that 


NjlfK)  -  Yj  =  Cj  -  Aj  -  Bj  -  Ej  +  Bj  +  Dj 

=  Cj-Aj-EJ  +  Dj 

=  Njtj(E), 


(HI;  6) 


that  is,  in  words,  coincidence  information  minus  subcoincidence  information 
equals  to  <l)-equivalence  information  of  a  Kj.  Mutatis  mutandis , 

njlj(k)  —ys  =  njÌj(e),  (III;  7) 


a  similar  relation  is  true  for  <0>-equivalence  information  of  a  Kj.  In  thè 
sequel  we  use  mostly  (III;  6)  for  detecting  some  properties  of  equivalence 
information. 

III.4  As  a  simple  illustration  let  table  (I;  1)  be  taken  as  a  “true”  Kj 
(disregarding  problems  of  sampling,  etc.)  for  which 

Aj  =  39.874  ,  Bj  =  29.509  ,  C,  =  75.058  , 

Dj=  14.755,  Ej  =  41.019, 

where  each  quantity  is  given  in  weighted  bits.  According  to  (III;  1),  Njì j(K)  = 
=  75.058  —  63.383  =  11.675.  From  (III;  3),  Yj  =  2.755.  Thus,  following  our 
key  relation  in  (III;  6),  JVyiy-(E)  =  11.675  —  2.755  =  8.920.  The  same  result 
is  given  by  estimating  information  content  of  table  (I;  3)  by  (II;  5), 

Njlj(E)  =  75.058  —  39.874  —  41.019  +  14.755  =  8.920. 

Similarly, 

dj  =  26.364,  bj  =  15.509,  cy  =  53.302, 
dj  =  14.755,  ej  =  33.019. 

rijljik)  =  53.302  —41.873  =  11.429,  and  yy  =  2.755.  According  to  (III;  7), 
Tijìj(e)  =  11.429  —  2.755  =  8.674.  The  same  result  is  given  by  estimating 
information  content  of  table  (I;4), 

rijìj(e)  =  53.302  —  26.364  —  33.019  +  14.755  =  8.674. 
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IV.  Special  cases 

IV. 1  In  order  to  study  thè  additive  relation  in  (III;  6)  more  closely, 
let  us  consider  a  few  relevant  cases  under  some  idcalized  conditions.  Although 
most  of  these  cases  are  quite  irrealistic  (in  thè  sense  that  they  are  unexpected 
in  any  “reai  situation”),  they  hopefully  provide  a  better  understanding  of 
“naturai  trends”  of  Njtj(E).  Instead  of  following  a  rather  abstract  line  of 
reasoning,  thè  treatment  is  confined  to  a  few  heuristic  points. 

IV. 2  Suppose  that  in  a  spatial  process  (see  II. 2),  when  Ki  — ►  K2  — ► 
Kj  — ►  ...  ,  we  think  of  thè  change  of  thè  compositional  States . 
Suppose,  further,  that  some  special  (e.g.  “regular”)  States  are  to  he  distin- 
guished  at  any  point  of  thè  process. 

IV. 2.1  A  Kj  is  said  to  be 

—  (1)  in  an  f-monovalence  state  (or,  in  brief,  in  an  f-state),  when  n.jg  = 

=  Nj/m  =  sj9  for  g  —  1,  2,  ...  ,  m , 

—  (2)  in  an  l-monovalence  state  (or,  in  brief,  in  an  l-state)9  when  nje.  = 

=  Nj/s  =  nij,  for  e  =  1,  2,  .  .  .  ,  s, 

—  (3)  in  an  F-oligovalence  state  (or,  in  brief,  in  an  F-state),  when 

Sjs  =  ™j> 

—  (4)  in  an  L-oligovalence  state  (or,  in  brief,  in  an  L-state),  when 

h  ■  —  s  ■ 

njm  _ 

where  hjm  is  thè  frequency  of  ra-valued  locai  valences  in  V\q .  Sj  and  nij  are 
called  fiorai  and  locai  density,  respectively.  Note  that  sy  and  rrij  (as  arithmetic 
means  of  and  V j^)  always  exist  and  important  without  regularity  of 
any  kind  but  assumptions  (1) — (4)  represent  special  cases  with  respect  to 
thè  dispersion  of  valence  data.  In  thè  monovalence  States  there  is  a  minimum 
(zero)  dispersion,  and,  on  thè  other  hand,  in  thè  oligovalence  States  there  is 
a  maximum  dispersion  around  thè  particular  mean. 

IV. 2. 2  By  using  (1) — (4),  Kj  is  said  to  be 

—  (5)  in  an  f-L-state,  when  both  (1)  and  (4)  are  satisfied, 

—  (6)  in  an  F-l-state,  when  both  (3)  and  (2)  are  satisfied, 

—  (7)  in  an  f-l-state,  when  both  (1)  and  (2)  are  satisfied. 

Note  that  an  F-L-state  [when  both  (3)  and  (4)  are  satisfied]  is  always  impos- 
sible.  In  other  words,  (5)  and  (6)  are  obligatory  in  thè  sense  that  once  single 
assumptions  (3)  or  (4)  are  established,  then  dual  valence  distributions  are 
fixed  \i,e.  (3)  should  occur  with  (2),  and  (4)  should  occur  with  (1)].  On  thè 
other  hand,  single  assumptions  (1)  and  (2)  may  occur  with  no  such  restric- 
tions,  and,  for  this  reason,  a  Kj  is  said  to  be 

—  (8)  in  a  single  f-state,  when  (1)  is  satisfied  regardless  of  VjQ\ 

—  (9)  in  a  single  l-state,  when  (2)  is  satisfied  regardless  of  . 

IV. 2. 3  Note  that  in  all  assumptions  made  above  at  least  two  points 
need  further  comment.  First,  it  is  assumed  that  Sj  and  my  are  integers;  in  thè 
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majority  of  “reai  cases”  both  s  -  and  my  are  reai  numbers.  This  simplification 
is  justified,  however,  by  thè  utmost  simplicity  of  relations  in  IV. 3  that  are 
not  influenced  by  such  a  distinction.  Second,  it  is  assumed  that  configura- 
tions  (5) — (9)  are  possible  from  a  combinatorial  point  of  view  (i.e.  binary 
vectors  can  be  arranged  in  a  such  a  way  that  a  configuration  would  occur). 
Clearly,  this  is  not  always  thè  case.  Disregarding  difficulties  at  thè  moment, 
we  discuss  some  combinatorial  point  later  on  (Y. — ). 

IY.3  Returning  to  (III;  6),  let  us  set  up  four  relevant  cases. 

[Case  1]  Njlj{K)  =  0,  Yj  =  0,  Njlj(K)  =  Yp  and  so  Njlj{E)  =  0. 

[Case  2]  Njtj(K)  >  0,  Yj  >  0,  Njtj(K)  =  Yj  and  so  Njìj(E)  =  0  , 

[Case  3]  Njlj(K)  >  0,  Yj  =  0,  Njlj(K)  >  0,  and  so  Njlj(E)  =  Njlj(K) . 

[Case  4]  Njìj(K)  >  0,  Yj  >  0,  Njìj(K)  >  Yp  and  so  Njtj(E)  <  Njlj(K) 


IY.3.1  Conditions  for  [Case  1]  are  satisfied  when  Kj  is 

—  [la]  either  in  an  f-L  state,  or  in  an  F-l-state , 

—  [lb]  or  in  a  “minimum  area”  state,  where  Nj  =  ms, 

and  sj  =  5,  and  my  =  m. 

Note  that  [lb]  is  a  special  case  of  an  /-/-state.  Note,  however,  that  [Case  1] 
is  not  satisfied  in  any  other /-/-state  than  [lb].  In  [lb] 

Njlj(K)  =  sm  log  sm  —  sm  log  m  —  ms  log  s  =  0,  (IV;  1) 


and  Yj  =  0,  since  we  have  only  one  single  subtable  with  ( R  =  s)  and  n.js  = 
=  Nj  =  ms.  In  [la],  either 


or 


N,lj(K)  =  msj  log  msj  —  msj  log  Sy  —  sym  log  m  =  0  ,  (IY;  2) 

Njlj(K)  =  smj  log  smy  —  smy  log  my  —  mys  log  s  =  0  .  (IY ;  3) 


Clearly,  in  both  subcases  Yj  =  0. 

IY.3.2  Conditions  for  [Case  2]  are  satisfied,  when  Kj  is 
[2a]  either  in  a  single  /-state, 

[2b]  or  in  an  /-/-state  such  that  Nj  <  ms. 

In  [2a] 

NJìj(K)  =  Yi  _  _  ì 

=  Cj  —  msy  log  Sj  —  Aj 
=  Nj  log  m  —  ^4y . 


(IV;  4) 
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In  [2b] 


NjlfiK)  -  Yj 

Cj  —  sm]  log  Ttij  — 


ìj  iog  : 

=  Cj  Cj  -\-  N j  log  s  —  Cj  -(- 
=  Nj  log  ms  — 
ms 

=  Njìog  -- 


N,  log 


Ci 


(IV;  5) 


It  is  clear  that  if  Nj  =  ms,  then  Njlj(K)  =  ms  log  1  =  0,  and  so  [Case  2] 
is  collapsed  into  [Case  lb] .  Consequently, 


if  Nj  — ►  ms,  then  Njtj(K)  -►  0; 


(IV:  6) 


this  simple  limiting  relation  will  he  used  in  thè  sequel  (see  Part  II.).  Note 
that  (IV;  4)  and  (IV;  5)  are  thè  same  if  Aj  =  log  =  Cj  —  iVy  log  5, 
i.e.  if  in  (IV;  4) 

Nj+K)  =  Nj  log  m  -  Aj 

=  Nj  log  m  —  Cj  -f-  Nj  log  s 
=  Nj  log  ms  —  Cj, 
when  [2a]  is  collapsed  to  [2b] . 

IV. 3. 3  Conditions  for  [Case  3]  are  satisfied,  when  thè  following  “inner 
regularity” 


(R  =  r) 


1  .  1  Sjr 

1  .  1  J  gjr 


.  r  rgjr 

gjr 


(IV;  6) 
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is  true  for  all  thè  subcontingency  tables  (with  R  =  1,  2,  .  .  .  ,  s)  of  a  Kj.  In 
this  case, 

Yj  =  Z  rgJr  log  rgjr  —  Z gjrr  log  r  —  Z  rgjr  log  gjr  =  0,  (IV ;  7) 

and,  consequently,  Njlj(E)  =  Njìj(K). 

IV. 3.4  In  [Case  4]  neither  thè  “marginai  regularities”  of  [Case  1]  and, 
[Case  2]  nor  thè  “inner  regularity”  of  [Case  3]  are  satisfied.  [Case  4]  is  likely 
to  be  expected  in  any  “reai  situation”,  when  Nj  <  ms. 


V.  Fiorai  orderliness 


V.l  From  III.  and  IV.  we  see  that 


0  ^NjljW^NjljiK).  (V;  1) 

It  is  clear  that  thè  lower  bound  of  (V;  1)  is  due  to  either  [Case  1]  or  [Case  2], 
and  thè  upper  bound  of  (V;  1)  is  due  to  [Case  3].  Let  us  examine  more  closely 
thè  ecological  meaning  of  these  cases. 

Y.2  First  of  all,  stili  following  out  thè  spirit  of  thè  previous  reasoning 
let  us  consider  some  simple  and  fictitious  examples. 

V.2.1  As  a  starting  point,  we  may  ask  what  is  thè  basic  difference 
between  (V;2)  and  (Y;  3)  representing  [Case  7]  and  [Case  9],  respectively. 


1  2  3  4  5  6  7  8 

a 

1111 

4 

b 

1111 

4 

c 

1111 

4 

d 

1111 

4 

22222222 

16 

1 

2 

3 

4 

5 

6 

7 

8 

a 

1 

1 

1 

1 

4 

b 

1 

1 

1 

1 

4 

c 

1 

1 

1 

1 

4 

d 

1 

1 

1 

1 

4 

1 

1 

1 

1 

3 

3 

3 

3 

16 

(V;  2) 


(V;3) 


Y.2. 2  This  simple  question  is  not  trivial  at  all.  Suffice  it  to  say  that 
thè  sum  of  pairwise  association  is  of  thè  same  value  for  both  cases  (namely, 
48  weighted  bits).  Suppose  that  we  try  to  answer  our  question  by  means  of 
a  fairly  new  model  (Juhasz-Nagy — Dévai — Horvath,  1973).  This  model  is 
concerned  with  thè  problem  of  “overall  association”  (called,  associatimi)  of 
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a  Kj.  Associatimi,  is  thè  multiple  contingency  information  of  a 

2  X  2  X  2  X  2  table  (a  table  of  2S  cells,  in  generai), 

mlj[X\  =  sm  log  m  —  ay  —  mH Y*9  (V;  4) 

wherc  a y  =  Aj  -|-  aj>  and  mH ^  is  a  function  called  fiorai  diversity.  Fiorai 
diversity  is  defined  on  thè  frequency  distribution  of  thè  power  set  of  a  fiorai 
universe.  More  precisely,  if  77v  is  thè  power  set  of  Qy, 

ny  =  {jiv  n2 . nk,...,7im},  (V;  5) 

where  co  =  2S,  nk  (a  potential  flora  of  Qv)  is  any  combination  of  elements  of  Qy 
(and,  per  conventionem,  :r1  is  thè  empty  flora  \n1  =  &],  7tw  is  thè  complete 
flora  [ 7T m  =  (/]),  then  each  has  a  unique  frequency  distribution, 

Fj  =  {fjflfjv  •  •  •  ’fjK’  ■  •  •  >fjj>  (V;  6) 

where  fjk  is  thè  frequency  of  nk  in  Kj9  and  E fjk  =  m .  Fiorai  diversity  then  is 
shown  to  he 

=  m  log  m  —  E fJk  log  fjk .  (V;  7) 

For  both  (V;  2)  and  (V;  3),  however,  using  stili  log  to  base  2, 

mlj[À]  =  96  —  64  —  8  =  24  . 

On  thè  other  hand,  Njlj(E)  =  0  for  (V;  2),  and  Njlj(E)  =  12.98  for  (V;  3). 
This  shows  clearly  that  association  (or,  even,  associatum)  is  quite  insensitive 
to  certain  differences  in  composition  (if  Vjq)  and  Fj  are  thè  same),  and,  in 
particular,  to  thè  “inner  regularity”  of  [Case  9]. 

V.3  The  inner  regularity  of  a  Kj  in  IV. 3. 3  requires  a  certain  kind  of 
orderliness  in  composition.  More  precisely,  a  Kj  is  said  to  be  florally  ordered 
if  and  only  if  Kj  is  not  in  an  /-state,  and  to  each  value  of  R  with  non-zero 
frequencies  a  unique  potential  flora  is  attached.  In  (V;  3),  for  instance,  R 
has  two  values  with  non-zero  frequencies,  and  ( R  =  1)  and  (R  =  3)  are 
represented  by  two  unique  elements  of  (Y;  6)  (namely,  by  “a”  and  “bcd”). 
On  thè  other  hand,  Kj  of  (Y;  2)  is  in  an /-state,  and  (R  =  2)  is  represented  by 
two  kinds  of  potential  floras  (by  “ab”  and  “cd”).  Consequently,  (Y;  2)  is 
not  ordered  florally,  and  (Y;  3)  has  a  ratlier  high  degree  of  fiorai  orderliness. 

Y.4  The  conditions  of  Y.3  may  be  reversed  and  asked  what  happens 
when  a  certain  kind  of  “perfect  fiorai  disorder”  occurs.  In  other  words,  we 
may  face  a  situation,  where  each  flora  of  a  Kj  is  different  from  any  other  flora. 
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V.4.1  Suppose  that  m  =  2S,  and  fjk  =  1,  for  &  =  1,  2,  .  .  .  ,  co.  If,  for 
instance,  s  =  4,  m  =  16,  we  have  thè  following  table 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

a 

0 

i 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

~T 

1 

0 

1 

8 

b 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

1 

1 

8 

c 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

1 

1 

8  i 

d 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

1 

1 

8 

0 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

4  I 

32 

The  corresponding  <l)-equivalence  table  is  shown  by  (V;  9) 


1 

2 

3 

4 

1 

a 

1 

3 

3 

1 

8 

b 

1 

3 

3 

1 

8 

c 

1 

3 

3 

1 

8 

d 

1 

3 

3 

1 

8 

4 

12 

12 

4 

32 

(V;  9) 


V.2.4  In  such  a  table  as  (V;  9)  each  row  corresponds  exactly  to  thè 
( s  —  l)th  row  of  thè  PASCAL-triangle,  that  is,  Jije.  =  2S~1,  n.jr  =  s(s 71), 
and  Nj  =  s  2S_1.  We  may  guess  that  for  (V;  9)  Njtj(E)  =  0,  and,  if  this  is 
true,  then 

Cj  —  Aj  =  Ej  —  Dj.  (V;  10) 

For  proving  (V;  10),  let  (s7  )  =  The  left  side  of  (V;  10)  is 

s  2S_1  log  s2s~l  —  s  2S_1  log  2S~1  =  s  log  s  25"1 , 

and  thè  right  side  of  (Y;  10)  is 

E  sor  log  sor  —  E  sor  log  ar  —  E  ors  log  s  , 

by  which,  since  s  log  s  is  Constant,  and  E  or  =  2S-1,  thè  equality  holds.  Indeed, 

for  (V;  9),  Cy  =  160,  Aj  =  96,  Ej  =  102.0376,  Dy  =  38.0376,  where  each 
quantity  is  expressed  in  weighted  bits,  Cy  —  Aj  =  Ej  —  Dj  =  4  log  4  •  8  =  64, 
and,  consequently,  Njtj(E)  =  0. 

V.4.3  It  is  worth  remarking  that  a  proper  <0)-equivalence  table  for 
(V;  8)  corresponds  exactly  to  table  (V;9).  This  correspondence  is  trivial 
[because  (sr)  =  (sf_r)],  but  it  has  a  further  implication  as  well.  Since  2S, 
in  most  cases,  is  a  fairly  large  number  ( viz .  210  ^  IO3,  220  ^  IO6,  .  .  .  ,  210Z  ^ 
^  IO32,  for  z  =  1,  2,  .  .  .),  thè  assumption  made  in  V.4.1  ( m  =  2S)  is  almost 
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always  irrealistic.  Forpractical  reasons,  if,  say,  s  10,  then  we  must  choose 
m  such  that  m  2S.  By  choosing  m  much  smaller  than  2S,  however,  we  may 
introduce  artificially  some  unknown  degree  of  fiorai  orderliness  into  our 
referential  System.  This  drawback  cari  be  compensated  as  a  first  approach 
by  considering  Njtj(E)  and  fi  ■/  -(c)  simultaneously;  this  is  why  invalence  values 
are  as  important  as  valence  values  in  a  Kj.  A  more  advanced  approach  is 
to  handle  m  (“number  of  quadrats”)  as  a  variable,  but  in  this  case  thè  com- 
plementary  role  of  Njlj(E)  and  ny/y(e)  (or  that  of  other  functions)  stili  holds. 

V.5  The  simplest  way  of  looking  at  fiorai  order  is  possible  by  consider¬ 
ing  potential  floras  as  binary  column  vectors  of  a  Kj.  Such  vectors  ( i.e . 
ordered  s-tets  of  <(1,  0)),  may  or  may  not  belong  to  thè  same  value  of  fiorai 
valence.  Kj  is  florally  ordered  if  thè  same  column  vector  belongs  always  to 
thè  same  value  of  R . 


VI.  Orderliness  in  composition 

VI.l  So  far  thè  treatment  has  been  confined  to  order  of  thè  fiorai  type. 
Clearly,  thè  definition  of  V.3  or  V.5  can  be  generalized  into 
<1)  locai  orderliness, 
and  <2>  doublé  orderliness 

of  a  Kj.  For  thè  sake  of  simplicity  (and  for  avoiding  a  fairly  complicated 
symbolism),  suffice  it  to  apply  some  rough-and-ready  demonstrations. 

VI. 2  Let  us  compare  three  table,  (V;  3),  (VI;  1),  and  (VI;  2). 


1  2  3  4  5  6  7  8 

a 

1 

1 

b 

1  1  1 

3 

c 

1111 
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1111 
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1  1  1  1  2  2  2  2 
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2 
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1 

3 
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1 

1 

1 

1 

1 

5 
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1 

1 

1 

1 

1 

5 
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1 

1 

1 

1 

1 

5 

1 

1 

1 

3 

3 

3 

3 

3  1 

18 

(VI;  1) 


(VI;  2) 


VI. 2.1  It  has  already  been  shown  that  (V;3)  is  florally  ordered  (V.3). 
It  is,  however,  not  ordered  locally,  because  different  row  vectors  (locai  vec¬ 
tors)  belong  to  thè  same  value  of  locai  valence,  and  vice  versa.  In  a  reverse 
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way,  (VI;  1)  is  not  ordered  florally  [since  different  potential  floras,  “a”  and 
44ò”,  belong  to  thè  same  value  of  fiorai  valence,  (R  =  1)],  but  it  is  ordered 
locally.  Finally,  (VI;  2)  is  double-ordered,  because  both  different  fiorai  and 
locai  vectors  belong  always  to  thè  same  values  of  both  fiorai  and  locai  valences. 
VI. 2. 2  It  is  worth  noticing  at  once  that  if  Kj  is  double-ordered,  then 

Njlj(E)  =  Njtj(K)  =  Cj  -  Ej .  (VI;  3) 

The  simplest  way  of  proving  this  reduction  is  to  show  that  Aj  =  Dj.  By  thè. 
conditions  given 

Aj  =  Z  r  gjr  log  gjr  >  (VI;  4) 

and,  using  a  modified  version  of  (V;  6), 

=  log fj:\  (VI;  5) 

where  /jr)  is  frequency  of  a  potential  flora  of  which  consists  of  r  elements 
of  Qy  •  gjr  =  fjp,  because  each  value  of  R  belongs  always  to  thè  same  potential 
flora,  and,  consequently,  Aj  —  Dy. 

VI. 3  It  is  straightforward  again  that  equivalence  information  of  thè 
locai  type  is  equal  to  thè  dual  quantity  of  thè  fiorai  type  if  and  only  if  Kj 
is  double-ordered. 


VII.  Some  interim  remarks 

Vll.l  Compositional  44orders”  of  different  types  are,  presumably,  im- 
portant  in  many  respects.  It  remains  to  he  investigated,  of  course,  how  thè 
idealized  conditions  of  VI. — VI.  are  useful  in  understanding  44real  situations”. 
Some  use  of  thè  model  will  be  discussed  in  thè  second  part  of  this  series. 

VI  1.2  This  demonstration  is  postponed,  because  we  have  stili  a  number 
of  problems  to  be  considered.  Due  to  liinitation  of  space,  thè  present  paper 
had  no  opportunity  to  deal  with  thè  problems  of  spatial  processes.  The  second 
part  of  this  series  should  start  with  thè  statement  that  conditions  for  order- 
liness  depend  on  thè  size  of  sampling  units  to  a  considerable  extent. 
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The  paper  contains  thè  results  of  phytomass  investigations  made  in  thè  shrub 
level  of  thè  turkey-oak  forest  ecosystem  at  Sikfokut  (Sikfokut  Project).  The  estimation 
of  thè  phytomass  was  performed  between  August  and  September  1973,  with  thè  “aver- 
age  shrub  method”  per  sublevel,  and  in  a  break-down  according  to  species. 

Within  thè  framework  of  thè  “International  Biological  Program”  and 
of  thè  “Man  and  Biosphere”  research  program,  complex  ecosystem  investiga¬ 
tions  have  already  been  launched  in  various  research  centres  abroad. 

Similar  to  them  are  thè  researches  launched  in  thè  ecosystem  of  thè 
Hungarian  Sikfokut  turkey  oak  forest  (Sikfokut  Project).  A  substantial  part 
of  these  researches  consists  of  thè  phytomass  investigations  related  to  structure 
examinations.  The  phytomass  of  thè  stand-forming  tree  species  in  thè  eco¬ 
system  was  estimated  by  B.  Papp  (1974),  while  that  of  thè  herbaceous  layer  by 
Jakucs — Papp  (1974).  In  thè  present  paper  thè  results  of  thè  shrub-layer 
investigations  are  summarized. 

Description  of  thè  forest 

The  description  of  thè  Sikfokut  forest,  thè  detailed  program  of  thè  com¬ 
plex  biosphere  research  and  thè  main  research  data  have  been  furnished  by 
Jakucs  (1973),  while  thè  results  relating  to  structural  conditions  have  been 
summarized  by  Jakucs — Horvath — Karasz  (1975).  Therefore  prior  to  our 
own  research  results,  we  mention  here  only  those  data  which  are  most  directly 
connected  with  thè  phytomass  investigations  of  thè  shrubs. 

The  ecosystem  studied  is  an  about  65-year-old,  climazonal,  homogeneous 
turkey  oak  forest  ( Quercetum  petraeae-cerris )  in  which  thè  cover  value  of  thè 
free  canopy  is  80%.  The  quantity  of  through-fall  radiation  permits  thè  devel- 
opment  of  photophyllous  and  thermophilous  shrubs  rich  in  species.  The  shrub 
layer,  consisting  of  16  species,  can  be  subdivided  into  two  distinct  levels  (low 
and  high  shrub  levels).  In  our  grouping,  thè  high  shrub  level  comprises  shrubs 
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of  higher  than  1  m  height  and  of  at  least  1.2  cm  stem  diameter,  while  shrubs 
not  possessing  these  characteristics  are  grouped  into  thè  low  shrub  level. 

The  dominant  shrub  species  in  thè  high  shrub  level  are  Cornus  mas ,  Acer 
campestre ,  Cornus  sanguinea ,  Acer  tataricum ,  Quercus  petraea  ;  in  thè  low  shrub 
level:  Lingustrum  vulgare ,  Euonymus  verrucosus ,  Cornus  sanguinea ,  Quercus 
petraea . 


Method 


In  every  forest  ecosystem  there  can  be  found  shrubs  whose  dimensions  (height,  stem 
diameter,  etc.)  are  average,  that  is,  their  dimension  values  are  around  thè  mean  value  deter- 
mined  on  thè  basis  of  measuring  several  hundreds  of  individuai.  The  total  weight  of  these 
shrubs  of  average  dimensions,  or  that  of  their  components  (foliage,  branch,  stem,  etc.),  can 
also  be  considered  average  (Ovington  Forrest  — Armstrong  1968).  Individuai  can  thus 
be  selected  from  thè  stand  thè  dimensions  and  weight  of  which  are  in  all  probability  near 
thè  average  of  thè  total  or  partial  size  and  weight  relating  to  all  of  thè  individuai.  It  is  this 
inference  on  which  thè  “average-shrub”  method,  used  in  thè  estimation  of  thè  phytomass  of 
thè  shrub  layer  in  thè  Sikfokut  forest  between  August  29  and  September  5,  1973,  is  based. 
This  period  of  year  is  considered  suitable  for  estimating  because  it  is  thè  last  phase  of 
thè  vegetation  period  when  growth  can  be  expected  to  be  practically  completed. 

The  estimation  of  thè  phytomass  was  carried  out  in  a  breakdown  of  species  by 
shrul)  layers,  thus  thè  errors  originating  from  thè  differences  in  weight  data  between  domi¬ 
nant  and  suppressed  shrubs  could  be  reduced  to  a  minimum.  According  to  thè  data  avail- 
able  from  thè  literature,  thè  accuracy  of  thè  estimations  made  with  this  method  is  be¬ 
tween  i  7-10%  (Stato  1966,  Ovington  et.  al.,  1968). 

According  to  our  measurements,  thè  parameters  most  characterizing  thè  dimensions 
of  thè  shrub  individuai  are  height,  stem  diameter  (measured  at  5  cm  above  ground  level), 
and  cover  value.  The  parameters  of  thè  average  shrubs  were  determined  for  6  species  ( Acer 
campestre ,  A.  tataricum ,  Cornus  mas ,  C.  sanguinea ,  Ligustrum  vulgare ,  Quercus  petraea)  in  thè 
high  shrub  level.  while  in  thè  low  shrub  level  for  10  species  (thè  same  as  in  thè  high  shrub 
level,  and  aio  Crataegus  monogyna ,  Euonymus  europaeus ,  E.  verrucosus ,  Rosa  canina ),  on  thè 
basis  of  measurements  of  302  high  shrub  and  of  561  low  shrub  specimens  (50-  60  individuai 
of  each  species).  Height  was  measured  with  a  4  m  long  yardstick,  while  stem  diameter  with 
a  sliding  caliper  5  cm  above  ground.  In  high  shrubs,  thè  stem  diameter  was  measured  from 
two  directions  subtending  a  right  angle  and  thè  average  of  thè  results  of  thè  two  measure¬ 
ments  was  accepted  as  thè  stem  diameter  value.  Cover  values  were  read  of  thè  projection 
map  of  foliage  closing  in  shrubs  (Kàràsz,  1973).  In  high  shrubs,  root  removai  was  made  in 
a  circle  of  about  1  m  radius  to  a  depth  of  60  —  70  cm,  while  in  low  shrubs  within  a  circle  of 
about  25  —  30  cm  radius  and  to  depth  of  35-  40  cm.  Where  thè  ramification  of  thè  roots 
made  it  necessary,  we  followed  thè  pattern  root  positions. 


Sampling 

Shrubs  of  average  dimensions  were  selected  from  both  thè  high  and  thè  low  shrub 
levels,  10  individuai  of  each  species  (sample  shrubs),  and  these  were  cut  out.  Their  roots 
together  with  thè  adhering  soil  were  removed  and  then  washed  three  times  under  running 
water  through  griddles  used  in  soil  examinations.  The  fresh  foliage  weight,  stem  -f-  branch 
weight  and  root  weight  of  all  sample  shrubs  were  weighted  on  a  laboratory  tare-balance  in 
thè  field.  At  thè  same  time  thè  following  samples  were  collected  for  thè  determination  of  leaf 
number  and  dry  weight  values: 

500  leaves  per  sample  shrub  in  thè  high  shrub  level,  that  is  a  total  of  5000  leaves;  and 
100  leaves  per  sample  shrub  in  thè  low  shrub  level,  that  is  a  total  1000  of  leaves;  in  both 
of  categories  for  each  species; 

inixed  stem  -}-  branch  samples  (about  250  g  stem  and  at  least  3  kinds  of  branch  samples 

with  different  widths,  from  each  species); 

root  samples  total  root  quantity  as  defined  above. 
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The  samples  were  dried  to  weight  stability  in  an  exsiccator  at  85°C.  After  and  before 
drying,  thè  samples  were  weighed  within  an  accuracy  of  lOOtb  gram.  (The  first  measurement 
was  made  at  thè  time  of  removai  in  thè  field.)  In  thè  knowledge  of  thè  fresh  weight  of  thè 
fractions  (leaf,  stem  -f-  branch,  root)  and  of  thè  samples,  we  calculated  thè  corresponding  leaf 
number  for  thè  individuai  shrub  as  well  as  thè  dry  weight  per  fraction,  and  also  thè  total  dry 
weight,  by  using  thè  dry  weight  data.  By  multiplicating  thè  weight  data  thus  obtained  by 
thè  serial  number  per  hectare,  thè  phytomass  dry  weight  per  hectare  was  estimated  in  a  break- 
down  per  species. 

Let  us  note  here  that  no  detailed  sampling  of  this  character,  related  to  shrubs,  has 
been  made  in  a  turkey  oakwood  forest  ecosystem  so  far.  Similar  elaborations  with  regard  to 
other  ecosystems  have  been  reported  in  thè  works,  for  example,  of  Duda  —  Kolek  (1970), 
Duvigneaud  (1971),  Duvigneaud  —  Denaeyer— Ambroes  —  Timperman  (1971). 


Results 

The  characteristic  parameters  (height,  stem  diameter,  cover)  of  thè 
average  shrubs  in  comparison  with  thè  dimensions  of  thè  sample  shrubs  are 
given  in  Table  1.  As  is  seen  in  thè  Table,  thè  dimensions  of  thè  sample  shrubs 
do  not  differ,  or  differ  only  to  a  minimum  extent,  from  thè  dimensions  of  thè 
average  shrubs  determined  by  measurements  and  calculations. 

Results  of  thè  phytomass  estimation  in  a  breakdown  per  species  are 
summarized  in  Table  2,  where  also  thè  number  of  shrub  stems  per  hectare, 
their  leaf  number,  and  thè  phytomass  of  thè  shrubs  expressed  in  dry  weight 
per  hectare  are  given,  in  a  breakdown  per  species  and  in  total  values.  The 
leaf  number  of  thè  shrubs  per  hectare  is  12,157,  764;  of  this,  1,997,  488  leaves 
(16.42%)  are  in  thè  low  shrub  level,  while  10,160,276  leaves  (83.58%)  are  in  thè 
high  shrub  level.  In  thè  formation  of  assimilating  leaf  surface,  most  leaves  are 
carried  by  Cornus  mas  (5,643,902  leaves/hectare),  and  by  Acer  campestre 
(3,666,645  leaves/hectare).  Further  significant  plants  are:  Ligustrum  vulgare 
(809,312  leaves/ha),  Cornus  sanguinea  (584,395  leaves/ha),  and  Euonymus 
verrucosus  (504,500  leaves/ha)  which  occurs  almost  exclusively  in  thè  low 
shrub  level. 

The  total  phytomass  of  individuata  of  average  dimension  of  thè  high 
shrub  level  species  changes  between  220  g  and  1150  g.  It  is  thè  highest  Acer 
campestre  (1151.82  g/specimen,  followed  by  Acer  tataricum  (1095.75  g/specimen) 
and  cornus  mas  (1070.82  g/specimen).The  sequence  is  different  concerning 
total  dry  weight  per  hectare.  Similarly  to  thè  case  of  stem-|-branch  phyto¬ 
mass,  Cornus  mas  represents  essentially  greater  quantities  (2765.99  kg,  which 
amounts  to  40.63%  of  thè  total),  and  so  does  Acer  campestre  (2263.31  kg; 
33.25%)  than  all  thè  other  species  with  a  total  phytomass  of  1777.71  kg 
(26.12%)  per  hectare. 

On  one  hectare  area  of  thè  forest,  there  is  a  total  of  6807.01  kg  shrub 
phytomass.  Of  this,  757.34  kg  (11.13%  of  thè  total  phytomass)  appears  in  thè 
low  shrub  level,  while  6049.67  kg  (88.87%)  in  thè  high  shrub  level.  Its  distribu- 
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Table  1 


Iieight,  stem-diameter  and  cover  data  of  thè  average  shrubs  and  of  thè  sample  shrubs  (l  =  loiv  shrub ,  h  =  high  shrub) 


Name  of  shrub  species 

Iieight, 

m 

_ 

Stem  diameter, 
cm 

Cover, 

m2 

Average 

shrubs 

Sample 

shrubs 

Average 

shrubs 

Sample  shrubs 

Average  shrubs 

Sample 

shrubs 

1  |  h  |  l 

h 

i 

h 

1 

h 

1  h 

i 

h 

Acer  campestre 

0.329 

2.294 

0.330 

2.500 

0.44 

2.60 

0.439 

2.606 

0.034 

2.79 

0.054 

3.10 

Acer  tataricum 

0.291 

2.677 

0.296 

2.720 

0.35 

2.41 

0.351 

2.418 

0.040 

1.87 

0.040 

1.85 

Cornus  mas 

0.422 

2.359 

0.452 

2.410 

0.51 

2.45 

0.511 

2.444 

0.190 

2.45 

0.190 

2.93 

Cornus  sanguinea 

0.434 

2.031 

0.429 

2.332 

0.308 

1.34 

0.302 

1.345 

0.043 

0.73 

0.043 

0.75 

Crataegus  monogyna 

0.437 

— 

0.437 

— 

0.75 

— 

0.751 

— 

0.035 

— 

0.035 

— 

Euonymus  europaeus 

0.175 

— 

0.175 

— 

0.203 

— 

0.203 

— 

0.0068 

— 

0.0068 

— 

Euonymus  verrucosus 

0.291 

— 

0.295 

— 

0.35 

— 

0.351 

— 

0.036 

— 

0.036 

— 

Ligustrum  vulgare 

0.409 

1.560 

0.435 

1.673 

0.31 

1.25 

0.318 

1.272 

0.031 

0.93 

0.031 

0.92 

Quercus  petraea 

0.227 

1.920 

0.228 

1.920 

0.38 

2.20 

0.382 

2.202 

0.033 

1.18 

0.0325 

1.16 

Rosa  canina 

0.668 

— 

0.669 

— 

0.39 

— 

0.387 

— 

0.012 

— 

0.011 

— ■ 

kàrAsz, 
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Table  2 


Number  of  stems  and  leaves ,  as  well  as  phytomass  of  thè  shrub  level  per  hectare ,  according  to  fractions  and  their  total 

(l  =  loie  shrubs ,  m  =  high  shrubs) 


Name  of  shrub  species 

Number  of  stems/ha 

Number  of  leaves/ha 

Foliage  weight,  kg/ha 

1 

h 

total 

1 

b 

total 

1 

1 

h 

total 

Acer  campestre 

5,699 

1905 

7,604 

170,970 

3,495,675 

3,666,645 

9.43 

189  64 

199.07 

Acer  tataricum 

7,335 

430 

7,765 

73,350 

351,310 

424,660 

8.20 

37.90 

46.10 

Cornus  mas 

,959 

2335 

3,294 

79,597 

5,564,305 

5,643,902 

2.60 

182.68 

185.28 

Cornus  sanguinea 

13,676 

690 

14,366 

232,495 

351,900 

584,395 

11.99 

17.80 

29.79 

Crataegus  monogyna 

1,654 

— 

1,654 

67,814 

— 

67,814 

3.05 

— 

3.05 

Euonymus  europaeus 

7,782 

— 

7,782 

38,910 

— 

38,910 

2.33 

— 

2.33 

Euonymus  verrucosus 

14,700 

— 

14,700 

504,500 

— 

504,500 

7.39 

— 

7.39 

Ligustrum  vulgare 

21,059 

256 

21,315 

673,888 

135,424 

809,312 

12.97 

2.60 

15.57 

Quercus  petraea 

10,963 

382 

11,345 

65,777 

248,682 

314,459 

6.30 

30.15 

36.45 

Rosa  canina 

508 

— 

508 

42,164 

— 

42,164 

0.78 

— 

0.78 

Other* 

3,069 

52 

3,121 

48,023 

12,980 

61,003 

1.67 

1.70 

3.37 

Total 

87,404 

6050 

93,454 

1,997,488 

10,160,276 

12,157,764 

66.71 

462.47 

529.18 

Name  of  shrub  species 

Stem 

-f-  branch  weight,  kg/ha 

1 

Root,  kg/lni 

Total  phytomass. 

kg/ha 

1 

h 

total  1 

1 

h 

total 

1 

h 

total 

Acer  campestre 

19.71 

1291.40 

1311.11 

39.95 

713.18 

753.13 

69.09 

2194.22 

2263.31 

Acer  tataricum 

17.45 

313.67 

331.12 

53.40 

119.65 

173.05 

79.05 

471.22 

550.27 

Cornus  mas 

10.74 

1894.80 

1905.54 

3.06 

672.11 

657.17 

16.40 

2749.59 

2765.99 

Cornus  sanguinea 

24.07 

122.60 

146.67 

77.68 

41.97 

119.65 

113.74 

182.37 

296.11 

Crataegus  monogyna 

20.25 

— 

20.25 

5.79 

— 

5.79 

29.09 

— 

29.09 

Euonymus  europaeus 

7.35 

— 

7.35 

19.14 

— 

19.14 

28.82 

— 

28.82 

Euonymus  verrucosus 

26.90 

— 

26.90 

83.94 

— 

83.94 

118.23 

— 

118.23 

Ligustrum  vulgare 

40.43 

30.66 

71.09 

138.36 

23.79 

162.15 

191.76 

57.05 

248.81 

Quercus  petraea 

23.68 

155.89 

179.57 

53.61 

184.22 

237.83 

83.59 

370.26 

453.85 

Rosa  canina 

1.57 

— 

1.57 

1.42 

— 

1.42 

3.77 

— 

3.77 

Other* 

6.14 

14.48 

20.62 

15.99 

8.78 

24.77 

23.80 

24.96 

48.76 

Tot  tl 

198.29 

3823.50 

4021.79 

492.34 

1 

1763.70 

2256.04 

757.34 

6049.67 

6807.01 

oo 

co 


Estimateci  values 
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1  sterri*  branch 

2  root 

3  foliage 


□  high  shrub  level 


low 


shrub 


level 


Fig.  1.  Phytomass  distribution  of  thè  shrubs  according  to  fractions,  per  hectare,  in  t/ha  and 

in  percentage  of  thè  total 


tion  according  to  fractions  is  as  follows:  stem  -f"  branch  represents  4021.79  kg 
(59.10%),  roots  2256.04  kg  (33.14%)  foliage  529.18  kg  (7.76%).  The  distribu¬ 
tion  according  to  fractions  is  shown  in  Fig  1. 
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DIE  BEDEUTUNG  DER  BALATON-UFERZONE 
F()R  DEN  UMWELTSCHUTZ  AM  SEE 


Von 

M.  KovÀcs 

BOTANISCHES  FORSCHUNGSINSTITUT  DER  UNGARISCHEN  AKADEMIE  DER  WISSENSCHAFTEN, 

vAcrAtót 

(Eingegangen  Juni  18,  1975) 


Die  Boden  der  Uferzone  des  Balaton  sind  dank  den  anaeroben  Verhaltnissen 
reicli  an  organischen  Substanzen  und  somit  iinstande,  grosse  Mengen  biogener  Elemente 
zu  adsorbieren.  Boden  mit  grosser  Adsorptionskapazitàt  entfalten  eine  Filterwirkung, 
die  die  Beschaffenheit  des  Seewassers  giinstig  beeinflusst.  Die  Bebauung  des  Ufer- 
streifens  hat  die  Niedrighaltung  des  Wasserstandes  unerlàsslich  gemacht,  die  Senkung 
des  Wasserstandes  aber  fiihrt  zum  Aufkommen  aerober  Verhaltnisse  und  damit  zur 
Mineralisierung  der  aufgespeicherten  organischen  Stoffe,  wobei  die  freigesetzten  bio- 
genen  Elemente  —  unter  ihnen  besonders  der  Stickstoff  —  den  Nàhrstoffreichtum  des 
Sees  vermehren  konnen. 

Die  bestandbildenden  Pflanzen  der  Uferzone  speichern  in  ihren  Organismen 
grosse  Mengen  biogener  Elemente,  besonders  Kaliuin,  Stickstoff  und  Phosphor  auf. 
Dank  seinem  Nàhrstoffanreicherungsvermògen  »durchseiht«  der  Uferbewuchs  einer- 
seits  die  voin  Ufer  her  kommenden  Nàhrstoffe,  wàhrend  er  andererseits  die  bereits  ins 
Wasser  gelangten  Aufbaustoffe  »ausfiltert«. 


Seit  einer  Reihe  von  Jahren  droht  zunehmend  die  Gefahr  der  Vernichtung 
der  natiirlichen  Uferzone  des  Sees.  Trotz  jedem  Gegenargument  der  Experten 
und  alien  gesellschaftspolitischen  Erwàgungen  wurde  ein  erheblicher  Teil  der 
Uferzone  des  Sees  parzelliert  und  bebaut.  Wie  von  Felfòldy  und  TÓth  (1970) 
treffend  festgestellt,  bildet  die  Bebauung  des  Uferstreifens  ein  »abschreckendes 
Beispiel  einer  vernunftwidrigen  und  das  Leben  des  Sees  vòllig  missachtenden 
Siedlungspolitik«. 

Zufolge  der  menschlichen  Eingriffe  sind  zahlreiche  fiir  den  Balaton  kenn- 
zeichnende  Assoziationen  verschwunden  und  wertvolle  Biotope  mit  ihrer 
charakteristischen  Fauna  verkùmmert. 

Der  niedrige  Wasserstand  des  Balaton  beeinflusst  —  wie  dies  von  Hydro- 
logen  und  Biologen  vielfach  betont  wurde  —  die  Bewirtschaftung  des  See- 
wasservorrates  sowie  seine  chemischen  und  biologiscben  Verhaltnisse.  Bei  dem 
niedrigen  Wasserstand  haben  sich  iiberreiche  Algen-  und  Laichkrautmassen 
(Gelege)  entwickelt,  die  Schilfzone  ist  von  Land  her  in  das  Wasser  vorgedrun- 
gen,  d.  h.  die  Nàhrstoffanreicherung  und  die  Auffùllung  des  Sees  bzw.  sein 
Alterungsprozess  haben  sich  beschleunigt. 
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Die  Bedeutung  der  Uferzonation 

Die  Ufervegetation  und  ihr  Biotop  bilden  einen  organischen  Teil  des  See- 
Ókosystems.  Am  Ufer  des  Balaton  entlang  erscheinen  je  nach  den  Feuchtig- 
keits-  und  Bodenverhàltnissen  in  gùrtelartiger  Anordnung  unterschiedliche 
Pflanzenarten.  Hinter  der  Laichkrautzone  bilden  auf  der  eutrophen  Gyttja 
bis  zu  einer  Wassertiefe  von  2,5  m  Schoenoplectus  lacustris  und  sodann  Phrag- 
mites  communis  (bis  2  m  Wassertiefe)  und  stellenweise  Typha  angustifolia 
ausgedehnte  Bestànde  (vgl.  Soó  1933,  Karpati — Yarga  1970).  Auf  stàndig 
wasseriiberdeckten,  an  organischen  und  an  Nàhrstoffen  reichen  Standorten 
dominieren  Glyceria  maxima  und  Phalaris  arundinacea.  Auf  den  hòher  gele- 
genen  Moorwiesen-  und  Wiesenboden  sowie  auf  den  zeitweilig  von  Wasser 
ùberdeckten  Stellen  befinden  sich  verschiedene  Magnocaricion- Assoziationen 
(Caricetum  acutiformis ,  Caricetum  gracilis )  sowie  Sumpfwiesen  (mit  Agrostion  : 
Festucetum  pratensis -,  Juncus  subnodulosus- Bestànde). 

Die  Wasser-  und  die  Uferpflanzen  haben  eine  ganz  bestimmte  biologische 
und  òkologische  Funktion:  sie  beeinflussen  den  Sauerstoffhaushalt  des  Was- 
sers,  die  Kalk-  und  Kohlendioxydverhàltnisse  und  die  mineralischen  Nàhr- 
stoffe,  auch  sind  sie  an  der  Ausgestaltung  der  Verdunstungs-  und  Temperatur- 
verhàltnisse  (Jakucs — Marosi — Szilard  1971),  an  der  Yerlandung,  am 
Material-  sowie  Energiehaushalt  und  schliesslich  an  der  Selbstreinigung  des 
Wassers  beteiligt  (Bittmann  1968).  Bekannt  ist  auch  die  Filterwirkung  des 
Uferbewuchses  (Felfoldy — Tóth  1970,  Tóth  1970,  1972).  Wo  im  Wasser  vor 
dem  Ufer  der  Schilfgurtel  unversehrt  steht,  gelangen  von  Ufer  her  weniger 
eingeschwemmte  Nàhrstoffe  und  verschiedene  Schmutzstoffe  in  den  See.  Nach 
Untersuchungen  am  Yelence-See  war  dessen  Wasser,  wo  es  keinen  Schilf¬ 
gurtel  gab,  an  Nàhrstoffen  reicher. 

Die  charakteristische  Uferzonation  hat  sich  in  erster  Linie  ain  Nordufer 
des  Balaton  und  in  der  Bucht  von  Keszthely  herausgebildet,  wo  sie  dem  See 
den  gleichen  Schutz  bietet,  der  ihm  einst  von  dem  Kisbalaton  (der  Kleine- 
Balaton)  und  dem  unterschiedlichen  Buschwerk  am  Sùdufer  des  Sees  geboten 
wurde. 

Der  weitgehenden  Ausrottung  der  Uferzonen,  die  in  den  letzten  Jahren 
um  sich  gegriffen  hat,  ist  die  starke  Nàhrstoffanreicherung  am  ganzen  Balaton- 
Nordufer  entlang  zuzuschreiben.  Sie  tritt  besonders  dort  in  Erscheinung,  wo 
der  einst  geschlossene  Schilfbewuchs  aufgelòst  wurde;  an  diesen  Stellen  er- 
scheint  als  biologischer  Indikator  der  Nàhrstoffanreicherung  Stratiotes  aloides 
in  grossen  Massen  (Tóth  1974). 

Eine  àusserst  ergiebige  und  stàndig  fliessende  Gefahrenquelle  stellen  die 
landwirtschaftlich  genutzten  Gebiete  (Erosion,  Kunstdùnger-  und  Pestizi- 
deauswaschungen,  Yiehhaltungsbetriebe  usw.)  dar.  Nach  Untersuchungen  von 
Nemeth  und  Tóth  (1974)  in  Jahre  1971  wurden  in  der  Balaton-Gegend  von  1  ha 
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landwirtschaftlich  genutzter  Flàche  199  kg  Nàhrstoffe  ausgewaschen,  die  zu 
34%  aus  N,  zu  24%  aus  P205  und  zu  42%  aus  K.,0,  d.  h.  aus  Nàhrstoffen 
bestanden,  die  in  der  Nàhrstoffanreicherung  der  Gewàsser  eine  selir  bedeutende 
Rolle  spielen.  Im  Einzugsgebiet  des  Balaton  ist  von  den  landwirtschaftlich 
genutzten  Flàchen  eine  Stickstoffauswaschung  von  jàhrlich  2000 — 3000  t  zu 
erwarten.  In  den  rund  68  Viehhaltungsbetrieben  und  Stàllen  fallen  jàhrlich 
schàtzungsweise  800  000 — 900  000  m3  Jauche  an  (OMFB  1974). 


Die  Bodenverhàltnisse  in  der  Uferzonation 


Zur  Erfassung  der  Boden-  und  Vegetationsverhàltnisse  in  der  Uferzone  und  zur  Bestim- 
mung  der  dkologischen  und  zònologischen  Unterschiede  bedienten  wir  uns  der  Transekt- 
Methode.  Die  Boden-  und  Pflanzenproben  sammelten  wir  durch  die  verschiedenen  Zonen  (je 
nach  der  ràuinlichen  Ausdehnung  der  Zonationen  in  Abstànden  von  1,  2  und  5  ni  an  normal 
auf  das  Balatonufer  verlegten,  gedachten  Geraden  entlang.  Aufgrund  der  Methodik  von 
Ballenegger  —  Di  Gléria  (1962)  bestimmten  wir  folgende  Faktoren:  die  Wasserstoffionen- 
konzentration  (pH),  das  CaC03%,  den  Gehalt  an  hygroskopischem  Wasser  (hy)  und  an  Humus 
sowie  die  Humusstabilitàtszahl  (Q),  den  Gesaintgehalt  an  Stickstoff,  Ammoniak  und  Nitraten, 
an  Phosphor  und  an  leicht  aufnehmbarem  Kalium,  die  adsorbierten  Ca-  und  Mg-Mengen  sowie 
schliesslich  das  potentielle  Nitrifikationsvermogen  der  Boden. 

Die  chemische  Zusammensetzung  der  Pflanzen  bestimmten  wir  nach  den  Methoden 
von  Paech— Tracey  (1956)  und  Cooke  (1969). 

Die  Untersuchungen  erstreckten  sich  auf  folgende  Stichprobengebiete: 

a )  Die  Miindung  des  Flusses  Zala  (Abb.  1),  der  an  Nàhrstoffen  reichste  Teil  des  Balaton- 
ufers.  An  der  Belastung  des  Balaton  mit  organischen  Substanzen  ist  die  Zala  mit 
einem  Anteil  von  50%  beteiligt,  wàhrend  sich  die  am  Nordufer  in  den  See  ergie- 
ssenden  Gewàsser  zur  Belastung  mit  20%,  jene  am  Siidufer  hingegen  mit  einem  An- 
teil  von  30%  beitragen.  Mit  Stickstoff  belastet  den  See  allein  der  Fluss  Zala  mit 
einem  Anteil  von  30  —  40%  (die  Gewàsser  der  nòrdlichen  Seite  haben  eine  Belastung 
von  30  —  40%,  jene  der  sudlichen  Seite  eine  solche  von  20%. )  Ahnlich  hoch  ist  auch 
die  Phosphor-Belastung  der  Zala  (50%  gegeniiber  der  Belastung  der  Gewàsser  der 
nòrdlichen  und  sudlichen  Ufer  mit  je  25%).  Der  Gesamtstickstoffgehalt  der  Zala 
betràgt  2,18  mg,  ihr  Gesamtphosphorgehalt  0.68  mg  jeweils  je  Liter  (OMFB  1974). 
Stickstoff  und  Phosphor  in  solchen  Mengen  enthalten  weder  die  fliessenden  Gew  às¬ 
ser  der  nòrdlichen,  noch  die  der  sudlichen  Seite. 

b )  Die  Bucht  von  Szigliget  (Abb.  2),  wo  der  Gehalt  des  Seewassers  an  organischen 
Substanzen  und  seine  Ionenkonzentration  geringer,  und  die  Uferzone  auch  dem- 
entsprechend  weniger  eutroph  ist. 

c)  Die  Halbinsel  Tihany  (der  Uferabschnitt  unter  dein  Csucshegy). 


Die  Resultate  der  in  Transekten  durchgefiihrten  Bodenuntersuchungen 
sind  in  den  Abbildungen  3,  4  und  5  dargestellt.  Zusammenfassend  kann  fest- 
gestellt  werden: 

Unter  der  Einwirkung  von  Wasser,  Boden  und  Vegetation  àndern  sich 
auch  die  quantitativen  Yerhàltnisse  der  Bodenfaktoren.  Bei  der  Ausgestaltung 
der  Bodenfaktoren  aber  spielen  die  Feuchtigkeitsverhàltnisse  eine  ausschlag- 
gebende  Rolle. 

Als  Folge  der  starken  Vermehrung  in  der  Produktion  der  bestandbilden- 
den  Pflanzen  der  Uferzone  ( Schoenoplectus  lacustris ,  Typha  angustifolia ,  Phrag- 
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Abb.  1.  Die  Miindung  des  Zala-Flusses  in  der  Bucht  von  Keszthely.  Luftbildaufnahine  der 

W asserwirtschaftsdirektion  Pécs 


mites  communis ,  Glyceria  maxima ,  Phalaris  arundinacea ,  verschiedene  Carex 
Arten  usw.)  gelangen  alljàhrlich  grosse  Mengen  organischer  Stoffe  in  das  See- 
wasser  bzw.  auf  die  Bodenoberflàche.  Die  Bòden  der  Schilfrohr-  und  Ried- 
grasassoziationen  sind  wàhrend  eines  Grossteils  des  Jahres  uberschwemmt, 
bzw.  mit  Wasser  vollig  durchtrànkt.  Die  anaeroben  Verhiiltnisse  fiihren  zur 
Anhàufung  von  erheblichen  Mengen  organischer  Substanzen.  Der  Gehalt  des 
Bodens  an  diesen  liegt  fùr  gewohnlich  ùber  10%.  In  der  Miindung  der  Zala, 
wo  der  Boden  ausser  der  Produktion  von  Phragmites  communis ,  Glyceria 
maxima  und  Phalaris  arundinacea  zusàtzlich  auch  noch  von  den  vom  Fluss 
herangetragenen  organischen  Substanzen  belastet  wird,  erreicht  die  Menge 
der  angereicherten  organischen  Substanzen  Anteile  von  30 — 40%.  Mit  den 
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Abb.  2.  Dem  Schutz  des  See-Ókosystems  dient  der  Schilfrohrgiirtel  vor  dem  Ufer  der  Bucht 
voli  Szigliget.  Luftbildaufnahme  der  Wasserwirtschaftsdirektion  Pécs 


angehàuften  organischen  Stoffen  schalten  die  Ókosysteme  der  Uferzonc  aus 
dem  biogeochemischen  Zyklus  fiir  eine  bestimmte  Zeitdauer  eine  gròssere 
Zahl  von  Elementen  aus.  Zwischen  dem  Gehalt  der  Bòden  an  organischen  Sub- 
stanzen  und  ihrem  Gesamtstickstoffgehalt  besteht  eine  positive  Korrelation 
(Abb.  6).  An  der  Mùndung  der  Zala  liegt  der  Gesamtstickstoffgehalt  der  Bòden 
bei  0,7 — 1,3%.  Die  dauernde  Uberdeckung  mit  Wasser  bzw.  die  anaeroben 
Verhàltnisse  verhindern  zwar  die  Mineralisierung  von  grossen  Mengen  orga¬ 
nischen  Substanzen  beim  Absinken  des  Wasserspiegels  sind  sie  jedocli  als 
potentielle  Gefahrenquellen  anwesend  (vgl.  weiter  unten). 

Bòden  mit  hohem  Gehalt  an  organischen  Substanzen  haben  eine  grosse 
Adsorptionskapazitàt  und  Filterwirkung.  (Nach  den  Untersuchungen  von 
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Z AL A  -  MÙNDUNG 

Caricetum  Scirpo-  Glycerietum 

gracilis  Phragmitetum  maximae 


Wiesenboden  Moorwiesenboden 

zunehmende  Bodenfeuchtigkeit 


Balaton 

(  Wasserspiegel) 


pH  -  Wert 
CaC03  % 

Wasserkapazitàt  (hy) 
Humus  % 

Humusstabilitàtszahl  (Q) 
Gesamtstickstoff  % 

NH3  -  N  mg  / 100  g 
N03  -N  mg/100  g 


P2  05  mg  / 100  g 
K20  mg/100  g 


absorbiertes 
Co  mval  /  100  g 

absorbiertes 
Mg  mval/ 100  g 

in  28  Tagen 
mineralisiertes 
N03  -  N  mg  /  100  g 


Abb.  3.  Die  Anderung  der  Bodenfaktoren  im  Untersuchungsflàchentransekt 

an  der  Zala-Mundung 


Bailey  und  White  —  1964  —  haben  die  Pestizide  in  den  Bòden  mit  hohem 
Gehalt  an  organischen  Substanzen  die  geringste  toxische  Wirkung.) 

Ab  leicht  aufnehmbarem  Kalium  enthalten  die  Wiesenboden  (  Festucetum 
pratensis)  der  hoher  gelegenen  Zone  5 — 10  mg/100  g,  die  Moorwiesenboden 
des  unmittelbar  am  Wasser  gelegenen  Uferstreifens  10 — 30  mg/100  g. 

Die  kaliumreichen  (Tabelle  1)  bestandebildenden  Pflanzen  der  wasser- 
nahen  Uferzone  bleiben  in  der  Hegel  an  ihrem  Standort  stehen,  so  dass  das  im 
Pflanzenorganismus  angereicherte  Kalium  nicht  aus  dem  lokalen  biogeo- 
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SZIGLIGET 


FestucPtum  pratensis  Scirpo  -  Phragmitetum 

magnocari-  magnocaricetosum 

cetosum  hydrocharicetosum 


Wiesenboden  Moorwiesenboden 

zun  eh  mende  Bodenf  euchtigkeit 


Balaton 

(Wasserspiegel  ) 


pH  -  Wert 


Co  CO  3  7. 


Wasserkapazitàt  (hy) 


Humus  % 

Humusstabilitàtszahl  (Q) 


Gesamtstickstoff  7o 


NH3  -  N  mg /100  g 
N03-N  mg/100  g 

P2  05  mg/ 100  g 


K2  0  mg/ 100  g 

absorbiertes 
Ca  mval/100  g 

absorbiertes 
Mg  mvat/100  g 

in  28  Tagen 
mineralisiertes 
NO3-N  mg/100  g 


Abb.  4.  Die  Ànderung  der  Bodenfaktoren  iin  Untersuchungsflàchentransekt  bei  Szigligc-1 


chemischen  Zyklus  hinausgeràt.  Demgegeniil)er  werden  die  Sumpfwiesen  der 
ràumlich  hòher  gelegenen  Zonen  (z.B.  mit  Festucetum  pratensis)  Jahr  fiir  Jahr 
regelmàssig  gemaht,  womit  erhebliche  Mengen  des  in  die  Pflanzen  eingebauten 
Kaliums  aus  dem  lokalen  Kreislauf  ausscheiden,  wie  dies  die  Ànderung  des 
Gehalts  des  Uferzonenbodens  an  leicht  aufnehmbarem  Kalium  bzw.  die  stufen- 
weise  Zunahme  des  Kaliumgehalts  in  der  Richtung  des  wassernahen  Ufer- 
streifens  deutlich  beweisen. 
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TIHANY 


Calamag-  Caricetum  Scirpo - 
rostis  gracilis  Phragmitetum 

Bestand 


Wiesenboden  Moorwiesenboden 


zunehmende  Bodenfeuchtigkeit 


Balaton 

(Wasserspiegel) 


8.0 

7.0 

30 

20 

20 

0 

20 

10 

0 

1.000 

0.000 


] 

] 

] 

] 

] 


10 

0 


] 


pH  - Wert 
CaC03  % 

Wasserkapazitàt  (hy) 
Humus  % 

Humusstabilitatszahl  (Q) 

Gesamtstickstoff  %> 


1°1 

0-1 

10-i 

0-J 


NH3  -N  mg/100  g 


NO 3  -  N  mg/ 100  g 


P2  05  mg/100  g 


K20  mg/100  g 

absorbiertes 
Ca  mval  /  100  g 


20 

10 

0 

20 

10 

0- 


absorbietes 
Mg  mval/100  g 

in  28  Tagen 
mineralisiertes 
N03  -  N  mg/100  g 


Abb.  5.  Die  Ànderung  der  Bodenfaktoren  im  Untersuchungsflachentransekt  bei  Tihany 


An  der  Erhòhung  des  Nàhrstoffgehaltes  der  Gewàsser  und  an  der  Ver- 
mehrung  der  Wasserpflanzen  ist  neben  dem  Phosphor-,  Stickstoff-  und  Kohlen- 
dioxydgehalt  in  erheblichem  Masse  auch  das  Kalium  beteiligt  (Dietrich  1973). 

Ini  Moorwiesenboden  des  Uferstreifens  findet  sicli  im  allgemeinen  auch 
eine  grossere  Phosphoranreicherung.  In  besonders  grossen  Mengen  ist  P0O5  in 
den  Bòden  um  die  Miindung  der  Zala  anzutreffen  (14  nig/100  g),  was  in  crheb- 
lichem  Umfang  auch  auf  die  Phosphor-Belastung  der  Zala  zurùckzufiihren  ist. 

Aufgrund  der  Bodenuntersuchungen  in  der  Uferzonation  kann  zusammen- 
fassend  festgehalten  werden:  nach  den  tieferen  Lagen  und  nach  dem  Wasser- 
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Abb.  6.  Der  Zusammenhang  zwischen  dem  Gehalt  der  Boden  an  organischen  Stoffen  und 

ihrem  Gesamtstickstoffgehalt 


spiegel  des  Sees  hin  wàchst  parallel  zur  Zunahme  des  Gehalts  an  organischen 
Substanzen  die  Wasserhaltefàhigkeit  (Wasserkapazitàt)  des  Bodens,  scine 
Adsorbtionskapazitàt  sowie  sein  Gehalt  an  adsorbierten  Kationen  und  an 
Stickstoff,  Phosphor  und  Kalium. 


Die  Dynamik  der  Nitrifikation  in  den  Boden  der  Uferzonation 

Die  Dynamik  der  Mineralisation  (Nitrifikation)  in  den  Boden  der  Ufer- 
zone  untersuchten  wir  unter  Laboratoriumsverhàltnissen. 

Die  bis  zu  60%  ihrer  Wasserkapazitàt  durchfeuchteten  Bodenproben 
liessen  wir  im  Thermostat  unter  sterilen  Yerhàltnissen  28  bzw.  35  Tage  lang 
reifen. 

Die  Boden  des  sich  unmittelbar  am  Wasser  entlang  hinziehenden  Ufer- 
streifens  sind  durch  eine  gute  Nitrifikationsdynamik  gekennzeichnet.  Auf  den 
Phragmites- Boden  mineralisierten  sich  in  35  Tagen  10 — 15  mg/100  g,  in  den 
Carex- Boden  hingegen  13 — 19  mg/100  g  N03 — N  (Tabelle  2). 

Besonders  reich  an  Nitraten  waren  die  Boden  der  Glyceria  maxima - 
Bestànde  im  Miindungsgebiet  der  Zala  (36  mg/100  g.  S.  Abb.  3,54  mg/100  g. 
vgl.  Tabelle  2,  Probe  8). 

Mit  dem  Riickgang  des  Gehalts  an  organischen  Stoffen  sinkt  die  Adsorb¬ 
tionskapazitàt  bzw.  die  Filterwirkung  der  Boden. 
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Tabelle  1 

Chemisehe  Zusammensetzung  der  aus  den 


Lfd.  Nr 

Name  der  Pflanze 

Sammelstelle 

Asche 

% 

Ca 

o/ 

/O 

1. 

Glyceria  maxima 

Zala-Miindung 

10,4 

0,18 

2. 

Glyceria  maxima 

Zala-Miindung 

10,4 

0,19 

3. 

Phragmites  communis 

Zala-Miindung 

9,8 

0,19 

4. 

Phragmites  communis 

Zala-Miindung 

9,7 

0,23 

5. 

Phalaris  arundinacea 

Zala-Miindung 

10,2 

0,14 

6. 

Phalaris  arundinacea 

Zala-Miindung 

9,2 

0,12 

7. 

Carex  gradi is 

Zala-Miindung 

8,1 

0,19 

8. 

Phragmites  communis 

Szigliget 

9,9 

0,30 

9. 

Phragmites  communis 

Szigliget 

8,2 

0,20 

10. 

Carex  gracilis 

Szigliget 

8,3 

0,15 

11. 

Carex  gracilis 

Szigliget 

8,6 

0,16 

12. 

Festuca  pratensis 

Szigliget 

10,8 

0,33 

13. 

Festuca  pratensis 

Szigliget 

11,8 

0,26 

14. 

Phragmites  communis 

Tihany 

11,8 

0,10 

15. 

Carex  gracilis 

Tihany 

8,3 

0,20 

16. 

Carex  gracilis 

Tihany 

8,3 

0,18 

17. 

Calamagrostis  arundinacea 

Tihany 

7,3 

0,06 

18. 

Calamagrostis  arundinacea 

Tihany 

7,4 

i 

0,06 

Tabelle  2 

Die  nach  28-  und  35tàgiger  Inkubation  in  den  Bòden  der  Uferzonation 
mineralisierten  NH3-N  und  N03-N-Mengen 


Lfd.  Nr. 

Name  der  Pflanzengesellschaft 

Sammelstelle 

!  Der  urspriingl. 
Gehalt  des 
Bodens  an 

In 

28 

In  35 

Tagen  mineralisierte  Meng< 

;n  von 

nh3-n 

1  no3-n 

NH3-N 

NO;I-N 

|  nh3-n 

NO3-N 

mg/200  g 

mg/100  g 

1. 

Scirpo-Phragmitetum 

B.fuzfo 

0,8 

0,3 

3,6 

1,8 

Spuren 

i  10,0 

2# 

Scirpo- Phragmitetum 

B.almàdi 

0,9 

0,3 

1,1 

10,6 

0,6 

11,4 

3. 

Scirpo-Phragmitetum 

Tihany 

0,9 

0,3 

0,5 

15,1 

0,4 

16,1 

4. 

Scirpo-Phragmitetum 

B.udvari 

0,9 

0,3 

0,1 

14,6 

Spuren 

15,8 

5. 

Caricetum  gracilis 

Abrahàmhegy 

0,8 

0,5 

2,6 

14,6 

0,6 

19,6 

6. 

Caricelum  gracilis 

Badacsony 

0,8 

0,5 

0,2 

10,3 

Spuren 

13,5 

7. 

Caricetum  gracilis 

Gyenesdiàs 

0,6 

1,7 

2,0 

10,7 

0,3 

13,4 

8. 

Glycerietum  maximae 

Fenékpuszta 

1,2 

0,3 

0,2 

49,0 

0,1 

54,0 
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Transekten  stammenden  Pflanzenarten 


K 

% 

Na 

% 

Mg 

% 

p205  | 

% 

N 

% 

Mn 

ppm 

re 

ppm 

zn 

ppm 

2,18 

0,03 

0,34 

0,82 

1,99 

252 

128 

20 

2,21 

0,03 

0,36 

0,84 

1,87 

173 

168 

25 

1,65 

0,01 

0,31 

0,69 

4,13 

466 

121 

32 

1,31 

0,01 

0,47 

0,63 

3,95 

488 

171 

24 

1,42 

0,01 

0,28 

0,38 

2,33 

97 

114 

21 

1,66 

0,01 

0,29 

0,46 

2,37 

61 

150 

22 

1,67 

0,01 

0,34 

0,45 

1,90 

217 

203 

16 

1,03 

0,02 

0,43 

0,37 

2,46 

113 

99 

33 

1,37 

0,01 

0,29 

0,46 

2,85 

241 

94 

18 

1.20 

0,02 

0,29 

0,29 

1,31 

184 

137 

15 

1,18 

0,02 

0,22 

0,24 

1,36 

171 

116 

15 

0,39 

0,06 

0,46 

0,24 

1,06 

54 

164 

11 

0,46 

0,07 

0,46 

0,23 

1,11 

56 

141 

18 

1,20 

0,02 

0,20 

0,36 

2,97 

174 

98 

38 

1,27 

0,01 

0,30 

0,20 

1,31 

178 

96 

20 

1,26 

0,02 

0,29 

0,20 

1,36 

155 

101 

15 

1,05 

0,01 

0,19 

0,19 

0,99 

59 

87 

30 

0.98 

0,01 

0,18 

0,17 

0,82 

48 

58 

24 

Die  Filterwirkund  des  Bodens  ist  fùr  den  Schutz  des  Sees  von  gròsster 
Bedeutung.  Die  Nàhr-  und  ein  Teil  der  Schmutzstoffe  werden  dem  See  durch 
das  stròmende  Grundwasser  zugefuhrt.  Nach  Untersuchungen  des  Wissen- 
schaftlichen  Forschungsintituts  fùr  Wasserwirtschaft  stromt  das  Grund¬ 
wasser  den  See  zu;  durch  diese  Stròmung  gelangen  jàhrlich  168  000  m3  Grund¬ 
wasser  in  den  See. 

Zusammenfassend  darf  festgestellt  werden,  dass  die  Bòden  des  unmittel- 
bar  am  See  gelegenen  Uferstreifens  in  grossen  Mengen  organische  Substanzen 
und  Stickstoff  enthalten.  Im  natiirlichen  Zustand,  d.  h.  unter  anaeroben 
Verhàltnissen  geht  der  Abbau  der  organischen  Substanzen  langsam  vor  sich, 
und  ebenso  ist  die  Dynamik  der  Nitrifikation  schwach.  Der  aktuelle  Nitrat- 
gehalt  der  Bòden  liegt  bei  0,3 — 4,0  mg/100  g. 

Durch  die  Lockerung  der  Uferzonenbòden,  durch  Konstanthaltung  des 
niedrigen  Seewasserstandes  und  durch  die  zunehmende  Durchliiftung  be- 
schleunigt  sich  die  Zersetzung  der  Reserven  des  Bodens  an  organischen  Sub¬ 
stanzen  und  die  Dynamik  der  Mineralisation  (vgl.  Zimenko  1972),  d.  h.  es 
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Tabelle  3 


Chemische  Zusammensetzung  einzelner 


Lfd.  Nr. 

Name  der  Pflanze 

Sammelstelle 

Asche 

% 

Ca 

% 

1. 

Phragmites  communis 

B.fuzfo 

12,8 

0,30 

2. 

Phragmites  communis 

B.almàdi 

10,3 

0,29 

3. 

Phragmites  communis 

Tihany 

14,0 

0,31 

4. 

Phragmites  communis 

B.udvari 

12.6 

0,51 

5. 

Phragmites  communis 

Àbrahàmhegy 

11,6 

0,54 

6, 

Phragmites  communis 

Badacsony 

11,3 

0,31 

7. 

Phragmites  communis 

Gyenesdiàs 

11,9 

0,37 

8. 

Schoenoplectus  lacustris 

Fenékpuszta 

13,0 

0,28 

9. 

Typha  angustifolia 

B.udvari 

5,6 

0,51 

10. 

Typha  angustifolia 

Badacsony 

7,3 

0,39 

11. 

Typha  angustifolia 

Fenékpuszta 

6,7 

0,25 

12. 

Sparganium  erectum 

Badacsony 

13,5 

0,89 

13. 

Carex  riparia 

Tihany 

9,1 

0,18 

14. 

Carex  gracilis 

Gyenesdiàs 

8,8 

0,45 

15. 

Carex  acutiformis 

B.almàdi 

9,8 

0,38 

16. 

Carex  acutiformis 

Badacsony 

8,4 

0,44 

17. 

Carex  acutiformis 

Badacsony 

8,2 

0,29 

18. 

Juncus  subnodulosus 

Àbrahàmhegy 

11,9 

0,32 

19. 

Agrostis  alba 

Fenékpuszta 

12,3 

0,13 

20. 

Glyceria  maxima 

Fenékpuszta 

8,8 

0,15 

muss  mit  der  potentiellon  Gefahr  gerechnet  werden,  dass  Stickstoff  in  grossen 
Mengen  in  den  See  gelangt. 


Die  chemische  Zusamniensetzung  der  bestandbildenden  Pflanzen 

der  Uferzone 

Neben  der  Filterwirkung  des  an  organischen  Substanzen  reichen  Bodens 
macht  sich  zusàtzlich  auch  die  »Filter-Wirkung«  der  Pflanzen  der  Zonation 
geltend. 

Die  chemische  Untersuchung  des  Pflanzenmaterials,  das  von  mehreren 
Punkten  der  nordlichen  Uferlinie  des  Balaton  (Tabelle  3),  ferner  aus  den 
Transekten  der  Zala-Miindung  und  aus  jenen  von  Szigliget  und  Tihany  (Ta¬ 
belle  1)  eingesammelt  worden  war,  solite  die  Frage  klàren,  inwieweit  der  Nàhr- 
stoffgehalt  des  Bodens  die  Anreicherung  biogener  Elemente  in  den  einzelnen 
Pflanzenarten  bestimmt. 
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Pflanzenarten  der  Uferzonation 


K 

% 

Na 

% 

Mg 

% 

p2o5 

% 

N 

% 

Mn 

PPm 

Fe 

PPm 

Zn 

ppm 

0,81 

0,03 

0,38 

0,20 

1,95 

233 

63 

32 

0,41 

0,04 

0,30 

0,20 

1,56 

85 

58 

35 

0,54 

0,03 

0,40 

0,16 

1,58 

131 

63 

35 

0,50 

0,04 

0,31 

0,14 

1,36 

114 

55 

26 

0,54 

0,03 

0,31 

0,13 

1,24 

237 

55 

23 

0,45 

0,02 

0,43 

0,17 

1,55 

159 

70 

38 

0,34 

0,03 

0,38 

0,14 

1,52 

114 

55 

16 

3,71 

0,06 

0,39 

0,22 

1,97 

234 

78 

16 

0,85 

0,27 

0,39 

0,19 

1,52 

346 

55 

46 

1,03 

0,57 

1,22 

0,26 

2,15 

1417 

42 

122 

1,94 

0,16 

0,48 

0,29 

2,78 

342 

121 

33 

2,12 

0,59 

0,93 

0,26 

2,11 

97 

86 

15 

0,86 

0,01 

0,33 

0,16 

1,41 

98 

61 

4 

0,85 

0,02 

0,44 

0,13 

1,13 

240 

71 

43 

1,03 

0,01 

0,42 

0,18 

1,46 

150 

105 

13 

0,44 

0,03 

0,43 

0,18 

1,87 

230 

100 

26 

0,85 

0,04 

0,89 

0,23 

1,41 

237 

63 

13 

2,03 

0,36 

0,43 

0,21 

1,69 

398 

84 

38 

1,60 

0,03 

0,38 

0,28 

2,04 

115 

105 

19 

2  24 

0,02 

0,38 

0,24 

2,39 

72 

85 

26 

Im  Wasser  der  Zala  konnte  neben  grossen  Mengen  organischer  Sub- 
stanzen  auch  eine  bedeutende  Gesamt-Ionenkonzentration  festgestellt  werden. 
In  besonders  grossen  Mengen  fiihrt  es  Ca  und  Mg.  In  dem  an  organischen  Sub- 
stanzen  reichen  Boden  der  Zala-Mundung  finden  sich  absorbiertes  Ca  (mit 
80 — 100  mval/100  g)  und  Mg  (mit  10 — 20  mval/100  g)  in  gròsseren  Mengen, 
wogegen  sich  stàrkere  Ca-und  Mg-Anreicherungen  in  den  Pflanzen  eindeutig 
nicht  nachweisen  lassen  (Tabelle  1). 

Auf  alien  drei  Transekt-Probeflàchen  enthàlt  Phragmites  communis  mit 
1,0 — 1,65%  mehr  K  als  beispielsweise  die  auf  den  hòher  gelegenen  Wiesen- 
bòden  vorkommenden  Calamagrostis  arundinacea  (0,9 — 1,0%)  oder  Festuca 
pratensis  (0,3 — 0,4%). 

Bei  regelmàssigem  Màhen  der  hòher  gelegenen  Sumpfwiesen  mit  anschlie- 
ssendem  Fortschaffen  der  Mahd  sinkt  der  Gehalt  des  Bodens  an  leicht  auf- 
nehmbarem  Kalium. 

Das  gemeine  Schilfrohr  ( Phragmites  communis)  vermag  in  seinem  Orga- 
nismus  neben  Kalium  auch  Phosphor  und  Stickstoff  in  gròsseren  Mengen  auf- 
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Tabelle  4 


Der  Gehalt  von  Unterwasserpflansen 


Lfd.  Nr. 

Name  der  Pflanze 

Sammelstelle 

Asche 

% 

Ca 

% 

1. 

Ceratophyllum  submersum 

Tihany 

26,9 

2,03 

2. 

Ceratophyllum  submersum 

Badacsony 

23,2 

0,68 

3. 

Elodea  canadensis 

Tihany 

27,5 

2,57 

4. 

Hydrocharis  morsus-ranae 

Tihany 

32,4 

2,72 

5. 

Hydrocharis  morsus-ranae 

Badacsony 

30,9 

0,70 

6. 

Myriophyllum  spicatum 

Tihany 

27,1 

2,84 

7. 

Stratiotes  aloides 

Tihany 

34,8 

5,06 

8. 

Stratiotes  aloides 

B.udvari 

35,2 

5,47 

9. 

Ltricularia  vulgaris 

Tihany 

31,7 

3,78 

10. 

Utricularia  vulgaris 

Badacsony 

27,9 

3,08 

zunehmen  (Tabellen  1  und  3).  Diese  beiden  Elemente  reichern  sich  im  Schilf 
besonders  dort  in  gròsseren  Mengen  an,  wo  sie  auch  in  Boden  stàrker  vertreten 
sind.  Phragmites  communis  aus  der  Zala-Miindung  z.B.  enthàlt  0,63 — 0,69% 
P205  und  3,9— 4,1%  N. 

In  gròsseren  Mengen  enthalten  Phosphor  und  Stickstoff  Glyceria  maxima 
(s.  Tabelle  1,  Proben  1 — 2  und  Tabelle  3,  Probe  20),  sowie  Typha  angustifolia 
(Tabelle  3,  Proben  9 — 11). 

Unter  den  Pflanzen  der  Uferzone  reichern  vorzugsweise  Glyceria  maxima , 
Phragmites  communis ,  Schoenoplectus  lacustris  und  Typha  angustifolia  Stick¬ 
stoff,  Phosphor  und  Kalium  an,  d.  h.  jene  Elemente,  die  bei  der  Erhòhung  des 
Nàhrstoffgehaltes  des  Wassers  eine  Rolle  spielen. 

Aus  der  Literatur  ist  das  Elemente-Anreicherungsvermogen  von  Schoeno¬ 
plectus  lacustris  bekannt  (Seidel  1966,  1967). 

Relativ  viel  Na  enthalten  Sparganium  erectum ,  Typha  angustifolia  und 
Juncus  suhnodulosus  (Tabelle  3).  Bekannt  ist  auch  das  Kaliumanreicherungs- 
vermògen  von  Juncus  suhnodulosus  (KovÀcs  1974). 

Von  den  Spurenelementen  kommt  Mn  in  verhaltnismàssig  gròsseren 
Mengen  \  or.  Nach  den  Transekt-Untersuchungen  findet  sich  Mn  besonders  in  den 
Pflanzen  der  wassernahen  Uferzone  und  der  wahrend  eines  Grossteils  des 
Jahres  wasseriiberdeckten  Flachen,  so  in  Phragmites  communis  (113 — 488  ppm), 
in  der  Glyceria  maxima  (173 — 252  ppm)  und  in  Carex  gracilis  (155 — 217  ppm) 
(Tabelle  1).  Einen  hòheren  Mn-Gehalt  kònnen  weiterhin  Juncus  suhnodulosus , 
Carex  acutiformis  und  Typha  angustifolia  aufweisen  (Tabelle  3). 

Auffallend  viel  (1417  ppm)  Mn  enthalt  Typha  angustifolia  in  der  Ufer¬ 
zone  bei  Badacsony.  Wahrscheinlich  besitzt  Typha  angustifolia  in  den  an 
Mn  reichen  Gewàssern  bzw.  auf  den  Mn-reichen  Sedimenten  ein  starkes  selek- 
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un  mineralischen  Stoffen 


K 

0/ 

/o 

Na 

o/ 

/o 

Mg 

o/ 

/o 

Ps05  N 

%  % 

Mn 

ppm 

Fe 

ppm 

Zn 

ppm 

2,21 

0.43 

1,56 

0,28 

2,22 

1065 

959 

67 

4,96 

0.53 

1,57 

0.38 

2.95 

1137 

1219 

236 

2.10 

0.44 

0,66 

0.29 

2,88 

260 

565 

31 

3,84 

0,83 

1,92 

0.23 

2,25 

215 

1702 

71 

2,15 

0,41 

1,18 

0,33 

3,24 

394 

1485 

183 

1,65 

0.10 

1,07 

0,26 

1.90 

229 

1213 

36 

5,42 

0.77 

1,91 

0,29 

1,83 

374 

587 

46 

4.36 

0.55 

2,00 

0,16 

1.13 

243 

319 

42 

3.41 

0.71 

2,20 

0,42 

— 

719 

2781 

16 

2,24 

0,82 

1,22 

0,63 

1417 

1459 

236 

tives  Vermògen  zur  Anreicherung  von  Mn-Kationen.  Die  Pflanze  enthàlt 
iibrigens  auf  dem  Gebiet  des  Badacsony  auch  relativ  viel  Zn  (122  ppm). 

Kraft  ihres  grosse»  Nàhrstoffanreicherungsvermògens  »filtert«  die 
Ufervegetation  einerseits  die  vom  Land  her  dem  See  zustròmenden  Nàhr- 
stoffe,  wàhrend  sie  andererseits  die  bereits  in  das  Wasser  gelangten  Nàhr- 
stoffe  »ausfiltert«. 

Gehen  jedoch  die  Uferzone  in  ihrem  natiirlichen  Zustand  und  deren  Vege¬ 
tatimi  zugrunde,  gelangen  die  Nàhrstoffe  mangels  »Aufnehmer«  ungehindert 
in  das  Seewasser  und  verbleiben  ebenso  ungestòrt  in  diesem. 

Es  erscheint  also  geraten,  die  natiirliche  Pflanzendecke  der  Uferzone  zu 
schùtzen  und  die  Rohr-,  Binsengras-  und  Schilfbestànde  an  den  Ufern  entlang 
zu  erhalten,  und  dies  besonders  dort,  wo  die  Uferzonen  an  Nàhrstoffen  reich 
sind,  oder  in  der  Nàhe  von  Einmiindungen  fliessender  Gewàsser  (wie  etwa  die 
Zala-Mundung),  die  das  Wasser  des  Balaton  mit  grossen  Mengen  organischer 
Substanzen  und  Nàhrstoffe  belasten. 

Bleiben  die  grosse  Massen  liefernden  und  grosse  Mengen  biogener  Eie- 
mente  anreichernden  Pflanzen  des  Uferzonengùrtels  an  ihrer  Stelle,  dann 
gelangen  die  biogenen  Elemente  bei  der  Zersetzung  der  pflanzlichen  Organis- 
men  in  die  Bòden  (Verlandungen)  oder  in  das  Seewasser  zuruck,  wo  sie  eine 
weitere  Nàhrstoffanreicherung  verursachen  konnen,  weshalb  es  sich  empfiehlt 
bzw.  erforderlich  ist,  die  Gelege  des  Ufergiirtels  regelmàssig  zu  màhen  und  die 
Mahd  zu  entfernen. 

Zu  Vergleichszwecken  und  zur  Beantwortung  der  Frage,  wieviele  Bio- 
elemente  den  Pflanzen  des  Uferzonengàrtels  gegeniiber  die  einzelnen  Laich- 
krautarten  in  ihren  Organismen  einzubauen  vermògen,  bestimmten  wir  die 
chemische  Zusammensetzung  einiger  Laichkrautarten  (Tabelle  4). 
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Nach  den  Ergebnissen  unserer  eigenen  Untersuchungen  und  nach 
Literaturangaben  (Harper — Daniel  1939,  Tóth  1962,  Bojcenko — Udel- 
nowa  1964,  Bojcenko — Saenko — Udelnowa  1968  cit.  in  Stugren  1967, 
Wagner  1966,  Tolgyesi  1969  usw.)  reichern  die  verschiedenen  Laichkràuter 
von  Ca,  K,  Na  und  Mg  das  Mehrfache  jener  Mengen  an,  die  die  bestànde- 
bildenden  Pflanzen  der  Uferzone  aufnehmen.  In  besonders  grossen  Mengen 
reichert  mineralische  Elemente  die  ani  Nordufer  entlang  infolge  der  zuneh- 
menden  Nàhrstoffanreicherung  in  starker  Verbreitung  begriffene  Art  Stratiotes 
aloides  an.  N  und  P,  die  den  Prozess  der  Nàhrstoffanreicherung  fòrdern,  kom- 
men  in  anderthalb-  bis  zweimal  so  grossen  Mengen  vor  wie  in  den  Pflanzen 
des  Uferstreifens. 

Unter  den  Spurenelementen  ist  es  wieder  das  Mn,  welches  in  den  Laich- 
kràutern  in  relativ  gròsseren  Mengen  anzutreffen  ist  als  in  den  Pflanzen  der 
Uferzone.  Durch  ihr  selektives  Kationenanreicherungsvermogen  ragen  beson¬ 
ders  Ceratophyllum  submersum  (1065 — 1137  ppm)  und  Utricularia  vulgaris 
(719 — 1417  ppm)  hervor.  Auch  viel  Eisen  reichern  einzelne  Laichkràuter- 
arten  an,  so  Ceratophyllum  submersum  (959 — 1219  ppm),  Hydrocharis  morsus 
ranae  (1485 — 1702  ppm),  Myriophyllum  spicatum  (1213  ppm)  und  Utricularia 
vulgaris  (1459 — 2781  ppm).  Die  Untersuchung  von  Laichkràutern  aus  den 
Gewàssern  unweit  des  Badacsony  ergaben,  dass  sie  das  Mehrfache  jener  Zink- 
mengen  enthalten,  die  in  Proben  derselben  Arten  von  anderen  Punkten  des 
Balaton  anzutreffen  sind. 

Nach  Literaturangaben  (Pinkola — Tóth  1971)  kònnen  sich  in  Laich¬ 
kràutern  des  Balaton  auch  verschiedene  Pestizide  anreichern. 

Wie  die  Untersuchung  gezeigt  hat,  entziehen  die  Laichkràuter  dem  See- 
wasser  fur  je  eine  bestimmte  Vegetationsperiode  grosse  Mengen  verschiedener 
biogener  Elemente  und  bauen  sie  in  ihre  Organismen  ein. 

Der  relative  »Nàhrstoffmangel«,  der  sich  im  Seewasser  infolge  der  Auf- 
nahme  gròsserer  Nàchrstoffmengen  durch  die  Laichkràuter  einstellt,  ver- 
hindert  die  stàrkere  Vermehrung  der  Algen  (Gessner  1939,  Mackenthun 
1962,  Mulligan — Baranowski  1969,  Tóth  1969,  Tóth — Tolg — Kontur 
1969). 


Die  Dekomposition  der  Pflanzen,  das  Freiwerden 
der  biogenen  Elemente  unter  Laborverhàltnissen 

Fùr  die  Verhàltnisse  im  Seewasser  des  Balaton  ist  es  von  Bedeutung, 
innerhalb  welcher  Zeit  und  in  welchem  Umfang  sich  die  an  Ort  und  Stelle 
verbleibenden  abgestorbenen  Pflanzen,  die  pflanzlichen  organischen  Stoffe 
mineralisieren  und  wie  rasch  und  in  welchem  Umfang  die  verschiedenen  Eie- 
mente  frei  werden. 
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Die  Untersuehung  der  Dekomposition  wurde  an  5  Arten  (Phragmites 
communis ,  Glyceria  maxima ,  Phalaris  arundinacea ,  Carex  gracilis ,  Festuca 
pratensis )  aus  den  Transekten  an  der  Zala-Miindung,  bei  Szigliget  und  Tihany 
(Tabelle  1)  nach  dem  Verfahren  von  Jenny — Gessel — Bingham  (1949)  bzw. 
Rapp  (1967,  1971)  unter  Labore* «.oriumsverhàltnissen  vorgenommen.  Die 
Dekompositionsuntersuchungen  erstreckten  sich  ùber  einen  Zeitraum  von  20 
Monaten  (3.  Okt.  1973 — 31.  Mai  1975),  wobei  die  mineralisierten  Elemente 
(Ca,  K,  Mg,  N,  P205,  Mn,  Zn,  Fe)  monatlich  quantitativ  bestimmt  wurden. 
Die  Schaffung  gùnstiger  Voraussetzungen  fiir  die  Zersetzungprozesse  beschleu- 
nigt  die  Dynamik  der  Mineralisierung  und  gestattet  Riickschliisse  auf  die  in 
der  Natur  sich  abspielenden  Yorgànge. 


Die  Unter suchungsergebnisse 
a)  Gewichtsverlust  : 

Der  Vergleich  der  Probengewichte  (25  g)  vor  der  Dekomposition  mit  den 
nach  20  Monaten  festgestellten  Gewichten  ergaben  bei  den  verschiedenen 
Pflanzenarten  folgende  durchschnittliche  Gewichtsverluste: 


Glyceria  maxima 

65% 

Phragmites  communis 

60% 

Phalaria  arundinacea 

55% 

Carex  gracilis 

53% 

Laut  der  Untersuchungen  waren  mehr  als  50%  der  Pflanzen  in  20 
Monaten  dekomponiert.  Am  schnellsten  zersetzen  sich  die  Pflanzen  von  den 
unmittelbar  am  Wasser  gelegenen  Uferzonen,  jene  Arten  also,  die  die  meisten 
biogenen  Elemente  enthalten  (vgl.  Tabelle  1).  Die  aus  dem  Transekt  der  Zala- 
Miindung  stammende,  an  biogenen  Elementen  reiche  Art  Phragmites  communis 
(Tabelle  1,  Proben  3  und  4)  erlitt  in  20  Monaten  einen  Gewichtsverlust  von 
77%,  wàhrend  dieser  bei  den  weniger  biogene  Elemente  enthaltenden  Schilf- 
Proben  von  Szigliget  und  Tihany  bloss  54 — 58%  betrug. 


b)  Der  globale  Verlust  an  Elementen  und  die  Zersetzungsgeschwindigkeit 

Die  Bestimmung  der  biogenen  Elemente  in  den  Pflanzen  vor  deren 
Dekomposition,  ferner  der  monatlich  mobilisierten  Mengen  und  schliesslich 
der  chemischen  Zusammensetzung  der  nach  20  Monaten  verbliebenen  Pflan- 
zensubstanz  ergab  fiir  die  einzelnen  biogenen  Makroelemente  folgende  Ge- 
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wichtsverluste  (in  %): 


Ca 

K 

Mg 

N 

P2Oò 

Phragmites  communis 

35 

100 

27 

72 

41 

Glyceria  maxima 

54 

100 

35 

66 

35 

Phalaris  arundinacea 

59 

100 

61 

52 

51 

Carex  gracilis 

49 

100 

38 

40 

56 

Festuca  pratensis 

42 

100 

81 

30 

62 

Am  schnellsten  wurde 

Kalium  frei;  nach 

dem 

Yerlauf 

von  12 

Monaten 

wurde  bei  jeder  Art  100%  des  in  den  Proben  befindlichen  Kaliums  mobilisiert. 

Hier  muss  natùrlich  in  Betracht  gezogen  werden,  dass  die  Pflanzen  der 
Uferzone  relativ  viel  K,  N  und  P  enthalten,  die  41%ige  Phosphorerschliessung 
bei  Phragmites  communis  bedeutet  also  in  absoluten  Zahlen  (54  mg)  mehr  als 
der  62%  bei  Festuca  pratensis  (37  mg). 

Die  Geschwindigkeit  des  Freiwerdens  der  Elementen  bei  den  einzelnen 
Arten  zeigt  folgendes  Bild: 

Phragmites  communis 
Glyceria  maxima 
Phalaris  arundinacea 
Carex  gracilis 
Festuca  pratensis 


K  >  N  >  P  >  Ca  >  Mg 

K  >  P  >  Ca  >  N  >  Mg 

K  >  N  >  Mg  >  Ca  >  P 

K  >  P  >  Ca  >  N  >  Mg 

K  >  Mg  >  P  >  Ca  >  N 


Nach  der  Zersetzungsgeschwindigkeit  werden  bei  den  bestandbildenden 
Pflanzen  der  Uferzonation  (Phragmites  communis ,  Glyceria  maxima,  Phalaris 
arundinacea )  im  Laufe  der  Dekomposition  von  K  und  Stickstoff  (Phragmites 
und  Phalaris)  som ie  von  Phosphor  (Glyceria  maxima )  jene  Elemente  relativ 
schnell  frei,  die  fiir  die  Nàhrstoffanreicherung  im  Seewasser  besonders  gefàhr- 
lich  sind. 


c)  Der  globale  Verlust  an  Mikroelementen 
und  die  Zersetzungsgeschwindigkeit 


Die  prozentualen  Gewichtsverluste  (in%)  an  Mikroelementen  (Fe,  Mn,  Zn) 
wàhrend  der  Dekomposition  betràgt: 


Zn 

Fe 

Mn 

Phragmites  communis 

64 

47 

40 

Glyceria  maxima 

76 

60 

18 

Phalaris  arundinacea 

48 

40 

10 

Carex  gracilis 

50 

42 

33 

Festuca  pratensis 

25 

25 

18 
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Bei  jeder  der  untersuchten  Arten  wurde  folgende  Geschwindigkeit  der 
Mikroelementenzersetzung  festgestellt : 

Zn  >  Fe  >  Mn 


Zusanimenfassung  und  Propositionen 

Mit  den  ihr  eigenen  Boden-  und  Vegetationsverhàltnissen  bildet  die 
Uferzonation  einen  organischen  Teil  des  See-Okosystems. 

Mit  dem  Fortschreiten  vom  Land  zum  Wasser  hin  und  mit  der  Zunahme 
der  Feuchtigkeit  bzw.  der  anaeroben  Verhàltnisse  àndern  sich  auch  mehrere 
Bodenfaktoren. 

Yon  den  hòheren  zu  den  niedrigeren  Hohenlagen  zu  steigt  der  Gehalt 
des  Bodens  an  organischen  Stoffen  und  zugleich  damit  auch  scine  Adsorb- 
tionskapazitàt,  ferner  die  Zahl  der  adsorbierten  Kationen,  sowie  der  Gehalt 
des  Bodens  an  Phosphor,  Stickstoff  und  leicht  aufnehmbarem  Kalium. 

Bei  anhaltender  Senkung  des  Wasserspiegels  kommt  es  in  der  Uferzone 
zum  Ubergang  zu  aeroben  Bodenverhàltnissen  und  damit  zu  einer  intensiven 
Mineralisierung  der  unter  den  anaeroben  Yerhàltnissen  angereicherten  organi¬ 
schen  Stoffe.  Die  hierbei  frei  werdenden  biogenen  Elemente,  besonders  aus  der 
Umsetzung  NO;} — N,  bilden  eine  potentielle  Gefahrenquelle. 

Der  Seewasserstand  des  Balaton  von  115  cm  (in  bezug  auf  den  Null- 
punkt  bei  Siófok)  muss  unbedingt  konstant  gehalten  werden.  Bei  anhaltend 
hohem  Wasserstand  verlangsamt  sich  infolge  der  anaeroben  Yerhàltnisse  in 
der  Uferzone  die  Dynamik  der  Mineralisierung  der  Moorwiesen  und  Moor- 
bòden  und  somit  der  Prozess  des  Einschwemmens  der  durch  die  Mineralisie¬ 
rung  frei  werdenden  Nàhrstoffe  in  den  See.  Die  Stabilisierung  des  Boden- 
gehalts  an  organischen  Substanzen  verhindert  die  Herabsetzung  der  Boden- 
adsorbtionskapazitàt  und  Filterwirkung. 

Die  Ufervegetation  »filtert«  dank  ihrem  grossen  Nàhrstoffanreicherungs- 
Yermògen  einerseits  die  vom  Land  her  einstromenden  Nàhrstoffe,  wàhrend  sie 
andererseits  die  bereits  ins  Wasser  gelangten  »ausfiltert«. 

Die  Uferzone  und  die  natiirliche  Ufervegetation  bediirfen  in  zunehmen- 
dem  Masse  gezielten  Schutzes.  Àhnlich  wie  in  den  Umweltschutzgesetzen  des 
Auslandes  miisste  der  Schutz  der  Uferstreifen  sàmtlicher  natiirlicher  Gewàsser 
in  Rechtsnormen  festgesetzt  werden.  Nach  dem  Umweltschutzgesetz  der 
Deutschen  Demokratischen  Republik  muss  in  den  Uferzonen  natiirlicher 
Gewàsser  ein  200  m  tiefer  Streifen  frei  bleiben,  d.  h.  er  darf  fiir  keine  wie  immer 
geartete  Zwecke  in  Anspruch  genommen  werden.  Der  Schutz  der  Rohr-, 
Binsenkraut-,  Schilf-  und  anderen  Bestànde  ist  besonders  dort  von  eminenter 
Wichtigkeit,  wo  die  Uferzone  reich  an  Nàhrstoffen  ist,  bzw.  in  der  Nàhe  von 
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Einmiindungen  fliessender  Gewàsser  (am  Balaton  z.B.  nahe  der  Zala-Miindung), 
die  den  See  mit  vielen  organischen  und  Nàhrstoffen  belasten. 

Die  Zersetzung  des  Pflanzenmaterials  der  Uferzone  vermag  dem  See- 
wasser  grosse  Mengen  biogener  Elemente  zuzufiihren  und  damit  eine  Nàhr- 
stoffanreicherung  zu  verursachen,  weshalb  die  Pflanzen  des  Uferstreifens  regel- 
màssig  gemàht  werden  miissen,  und  auch  die  Entfernung  der  Mahd  notig  ist. 

Da  sie  grosse  Mengen  biogener  Elemente  zu  binden  vermogen,  bediirfen 
die  natiirlichen  Uferzonen  der  Buchten  von  Keszthely  und  Szigliget,  sowie  die 
Schilfrohrbestànde  des  Nordufers  des  Balaton  des  gesteigerten  Schutzes. 

Die  Pflanzen  der  Uferzone  zersetzen  sich  verhàltnismàssig  rasch,  und 
ebenso  geht  die  Zersetzung  jener  biogenen  Elemente  relativ  schnell  und  in 
hohen  Prozenten  vor  sich,  die  eine  Nàhrstoffanreicherung  im  Wasser  verur¬ 
sachen  kònnen. 

Auch  die  Geschwindigkeit  der  Zersetzung  der  biogenen  Elemente  macht 
es  erforderlich,  die  abgestorbenen  Pflanzen  am  Ende  der  Vegetationszeit  zu 
entfernen. 
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Comparative  morphological  measureinents  were  carried  out  on  thè  culins  of  thè 
diploid  (2n  =  14)  Phleum  bertolonii  DC.  and  thè  hexaploid  (2n  =  42)  Phleum  pratense 
L.  On  thè  basis  of  thè  measurements  and  observations  it  can  be  stated  that  differences 
in  size  occur  in  thè  epidermal  cells  of  culms,  spikelets  and  grains,  numbers  and  length 
values  of  thè  internodes,  at  internode  and  node  levels,  when  considering  also  thè  number 
of  tubers  and  innovations.  The  investigations  were  carried  out  on  plants  obtained  from 
originai  habitats  and  experimental  gardens. 


Introduction 

In  thè  Hungarian  flora,  thè  species  character  of  thè  diploid  (2n  =  14, 
Nordenskiold,  1941;  1945;  Darlington — Wylie,  1955)  Phleum  species  (Pii. 
bertolonii  DC.)  has  been  mistaken.  Thus  it  is  not  considered  an  independent 
species  but  a  subspecies  of  thè  hexaploid  (2n  =  42)  Phleum  pratense  L.,  or 
a  variety  of  it,  under  thè  following  names:  Phleum  pratense  ssp.?  var.?  nodo - 
sum  (L.)  Schreb.  p.  p.;  Phleum  pratense  ssp.?  var.?  Bertolonii  (DC.)  A.  et  G. 
p.  p.  (Javorka,  1925  p.  71);  Ph.  pratense  ssp.  nodosum  (L.)  Richt.  p.  p.  (Soó  — 
Javorka,  1951  p.  958);  Ph.  pratense  ssp.  nodosum  (L.)  Trabut  p.  p.  (Soó  — 
Karpàti,  1968  p.  781;  Soó,  1973  5.  p.  407). 

It  should  be  mentioned  that  Degen  in  his  work  entitled  Flora  Velebitica 
also  wrote  of  Ph.  bertolonii  DC.  as  early  as  1936,  and  according  to  his  collec- 
tions  which  ha  ve  been  preserved  in  thè  Herbarium  of  thè  Naturai  History 
Museum,  he  indeed  meant  thè  diploid  Phleum  under  thè  above  name.  In  his 
work  cited  above  thè  Ph.  pratense  L.  var.  nodosum  Auct.  also  occurs  and  in 
his  collection  under  this  name  there  are  also  Ph.  pratense  L.  stems. 


*  Concerning  thè  types  and  nomenclature,  there  are  a  few  questions  stili  awaiting 
clarification  for  me.  I  intend  to  deal  with  them  in  a  later  publication.  Until  that  time,  on  thè 
basis  of  thè  German  (Hermann,  1956),  and  thè  English  (Clapham— Tutin  —  Warburg,  1959; 
1962;  Hubbard,  1968)  literature,  I  use  thè  name  Phleum  bertolonii  DC.  for  thè  denomination 
of  thè  diploid  (2n  =  14)  species  (p.  p.  syn.  Phleum  nodosum  L.). 


Acta  Botanica  Academiae' Scientiarum  Hungaricae  22,  1976 


108 


kovAts,  d. 


The  Hungarian  taxonomists  separateci  thè  two  plants  on  thè  basis  of  thè 
nodosus  character  which  is  of  no  taxonomical  value,  therefore  it  is  completely 
obvious  that  they  were  unable  to  recognize  thè  species  character  of  thè  Ph . 
bertolonii  DC. 

In  thè  newer  works  on  European  flora,  thè  diploid  Phleum  appears  as 
an  independent  species;  under  thè  name  Ph.  nodosum  L.  (Linné,  1759):  Dalla- 
torre — Sarnthein  (1906),  Grossheim  (1928),  Lid  (1952);  Hubbard  (1954), 
Butcher  (1961)  and  Hess — Landolt — Hirzel  (1967);  and  under  thè  name 
Phleum  bertolonii  DC.  (De  Candolle  1813):  Grossheim  (1928),  Hermann 
(1956),  Dandy  (1958),  Clapham — Tutin — Warburg  (1959),  Clapham — 
Tutin — Warburg  (1962)  and  Hubbard  (1968). 

In  other  works,  thè  diploid  Phleum  species  appears  as  a  subspecies,  or 
a  variety,  of  Ph.  pratense  L.:  Visiani  (1842);  Fiori  (1896 — 1908);  Fiori 
(1923 — 1925);  Hegi  (1927);  Bordzilowskio — Lavrenko  (1940);  Dostal 
(1954);  J ordanov  (1963);  Savulescu  Pop  (1972);  or  Ph.  pratense  L.  s.  1.: 
Schmeil — Fitschen  (1965);  or  as  a  minor  species:  Ehrendorfer  (1973). 

In  Hungary,  Ph.  bertolonii  DC.  grows  in  several  habitats  as  a  progenitor 
of  thè  hexaploid  Ph.  pratense  L.  (Nordenskiold,  1945),  in  originai  habitats 
and  in  communities,  mainly  on  acidic  rocks  substrates.  Ph.  pratense  L.  also 
grows  on  water  logged  meadows,  marshes,  grazing  lands  and  hayfields  (Soó — 
Javorka,  1951;  Soó — Karpati,  1968;  Mathé—  Heszky,  1972;  Soó,  1973);  in 
weed  communities  and  on  wastes. 

When  separating  thè  two  Phleum  species,  thè  designation  “nodosus” 
originating  from  LinnÉ  (1759)  is  disturbing  since  thè  nodosus  character  in  this 
case  cannot  be  used  as  a  separating  characteristic  as  is  clear  from  thè  works 
of  thè  follo wing  authors:  Hubbard  (1954;  1968),  Butcher  (1961),  Hess — 
Landolt— Hirzel  (1967). 

So  far  as  I  know,  thè  most  thorough  description  originates  from  Hub¬ 
bard;  on  thè  basis  of  this,  thè  separation  of  thè  two  Phleum  species  is  justifi- 
able. 

According  to  Nordenskiold  (1945),  thè  two  species  can  be  clearly 
separated  genetically,  cytologically  and  ecologically.  He  says  that  they  are 
morphologically  very  near  to  each  other  being  different  only  in  size.  He  even 
details  accurate  differences  in  sizes  of  thè  organs  of  thè  two  species. 

In  Hungary,  Ujhelyi  deals  with  thè  evolutionary  research  into  Grami - 
neae  ( Poaceae) .  He  uses  thè  method  of  exact  examination  of  thè  histological 
characteristics  when  describing  taxonomically  thè  various  species  (Ujhelyi, 
1938),  or  pointing  out  affinities  in  Sesleriae  (Ujhelyi,  1959).  The  evolutionary 
examination  of  thè  European  Koeleriae  led  to  thè  establishment  of  naturai 
evolutionary  rows  or  series  (Ujhelyi,  1961 — 1974).  In  thè  course  of  morpho- 
logical  and  anatomical  examinations,  several  researchers  have  already  dealt 
with  thè  development  of  internode  length  in  thè  shoots  of  various  plants.  In 
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Hungary,  among  others,  Stieber — Pal  (1957;  1959)  and  Stieber  (1972) 
examined  it  in  wheat  and  rye;  Barath — ifj.  Mathé — Mathé  (1973)  in  Sola¬ 
rium  genus;  Kovats  (1973)  in  Lithospermum  purpureo-coeruleum  L.  ;  Szujkó- 
Lacza — Szócs  (1976)  in  Pimpinella  anisum  L. 

In  thè  present  work,  I  intend  to  provide,  on  thè  basis  of  morphological 
and  anatomical  data  as  well  as  on  thè  basis  of  thè  investigations  carried  out 
up  till  now,  thè  reasoning  behind  thè  separation  of  thè  two  Phleum  species. 
Owing  to  thè  difference  in  thè  “ploid”  levels  of  thè  two  species,  thè  diploid 
Ph.  bertolonii  DC.  is  far  smaller  than  thè  hexaploid  Ph.  pratense  L. 


Materials  and  nietliod 


The  overwhelming  majority  of  thè  plants  were  collected  from  various  parts  of  thè 
country  by  József  Ujhelyi,  who  called  my  attention  to  this  topic.  It  was  at  his  inspiration 
that  I  originally  started  to  deal  with  Phleums.  Ph.  bertolonii  DC.  plants  were  provided  from 
Hàrskut  in  thè  Bakony  Mountains,  by  Sàndor  Tóth.  In  thè  last  three  years  I  myself  have  also 
joined  in  collecting  Phleum. 

My  Phleum  plants  all  grow  in  identical  conditions  in  an  experimental  garden;  they  are 
planted  side  by  side  at  a  distance  of  about  40  cm  from  each  other.  The  plants  grown  in  thè 
experimental  garden,  and  which  have  been  examined  and  measured  morphologically  and 
anatomically  in  thè  frame-work  of  thè  present  work,  were  obtained  from  thè  following  habitats: 

Ph.  bertolonii  DC. 

Hungaria  septentrionalis.  In  saxosis  andesiticis  rnontis  Salgóvàr  ad  pag.  Salgo,  prope 
opp.  Salgótarjàn.  Alt.  cca  600  m.s.m.  4.  VII.  1966.  leg.  J.  Ujhelyi. 

Ilungaria  occidentalis,  Orség.  In  pratis  rnontis  Nagyhegy,  ad  pag.  Zalalòvo,  prope  opp. 
Zalaegerszeg.  Alt.  cca.  250  m.s.m.  30.  IX.  1970.  leg.  E.  Valkó  et  J.  Ujhelyi. 

Hungaria  occidentalis.  In  pratis  siccis  pag.  Hàrskut,  montium  “Bakony  hegység”, 
prope  opp.  Zirc.  1.  X.  1970.  leg.  S.  Tóth  et  30.  IX.  1975.  leg.  J.  Ujhelyi,  S.  Tóth  et  D.  Kovats. 

Ph.  pratense  L. 

Ilungaria  centralis.  In  urbe  Budapest.  Ad  riparn  lacus  “Vàrosligeti  tó”.  In  ruderalis. 
Vili.  1966.  leg.  J.  Ujhelyi. 

Hungaria  occidentalis.  Órség.  In  pratis  rnontis  Nagyhegy,  ad  pag.  Zalalòvo,  prope  opp. 
Zalaegerszeg.  Alt.  cca.  250  m.s.m.  30.  IX.  1970.  leg.  E.  Valkó  et  J.  Ujhelyi. 

Hungaria  septentrio-orientalis.  Montes  Màtra-hegység.  In  pratis  sylvaticis  rnontis 
Kékesteto,  prope  opp.  Gyòngyòs,  solo  andesitico.  Alt.  1000  m.s.m.  23.  VII.  1971.  leg.  J.  Uj- 

IIELYI. 

Hungaria  septentrio-orientalis.  Montes  Biikk-liegység.  In  pratis  rnontis  Nagyeged, 
apud  opp.  Eger.  Solo  calcareo.  Alt.  cca.  400  m.s.m.  8.  IX.  1971.  leg.  S.  Tóth. 

The  Phleum  plants  were  dug  up  from  thè  experimental  garden  on  August  24,  1975. 

The  other  portion  of  thè  experimental  material  was  collected  for  processing  from  thè 
originai  habitat,  thè  fields  around  Pilisszentlàszló  village,  in  thè  Pilis  Mountains  (on  October 
29,  1975);  Phleum  pratense  L.  var.  pilisense  Boros  (1963)  described  by  Adam  Boros  was 
obtained  from  these  fields. 

Ph.  bertolonii  DC.:  Hungaria  centralis.  In  inontibus  “Pilis-hegység”,  ad  margines  syl- 
varum,  prope  pag.  Pilisszentlàszló,  solo  andesitico.  Alt.  cca.  500  m.s.m.  29.  X.  1975.  leg. 
D.  Kovats. 

Ph.  pratense  L. 

Hungaria  centralis.  In  montibus  “Pilis-hegység”,  ad  margines  viarum,  prope  pag. 
Pilisszentlàszló,  solo  andesitico.  Alt.  cca.  500  m.s.m.  29.  X.  1975.  leg.  D.  Kovats. 

Cytological  examinations,  and  chromosome  counting  were  carried  out  on  thè  root  apex 
of  seedlings  and  of  full-grown  plants;  for  fixation  CARNOY-type  solution  dyeing  carmine-acetic 
acid  was  used  (Òstergren  —  Hensen,  1962;  Sàrkàny  —  Szalai,  1964).  Skin  preparation  from 
culms  (Ujhelyi,  1954)  were  from  thè  uppermost  internodes,  below  thè  panicles,  where  thè 
culm  becomes  free  from  thè  sheath.  All  thè  preparations  were  dyed  with  toluene,  then  photo- 
micrographed  on  NP  15  ORWO  negatives,  with  a  Zeiss  NfPK  microscope,  at  identical  mag- 
nif  ication. 
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The  lengths  of  thè  internodes  are  given  in  cm,  thè  average  values  illustrated  in  graphs; 
significance  is  calculated  at  internode  levels  by  using  tests  t  and  d  of  two  samples  (Svàb,  1967; 
Hajtman,  1968). 

The  developmental  stages  and  thè  phenophases  of  thè  specimens  examined  were  la- 
belled  after  Szl  jkó-Lacza  Fekete  (1973)  (Tables  1  and  2). 


Results  and  discussimi 

Although  thè  two  Phleum  species  are  easily  distinguishable  on  thè  basis 
of  growth  and  external  measurements,  especially  in  their  fully-grown  state, 
I  myself  verified  whether  thè  plants  under  investigation  were  indeed  indi¬ 
viduale  of  diploid  (2n  =  14)  and  hexaploid  (2n  -  42)  chromosome  numbers  by 

counting  thè  chromosomes  of  a  few  of  thè  experimental  plants. 

According  to  my  observations,  thè  epidermal  cells  of  culms  below  thè 
panicles  are  smaller  in  Ph.  bertolonii  DC.  than  those  at  thè  same  level  in  Ph. 
pratense  L.  of  thè  same  growth  stage  (Photographs  1  and  2). 

The  differences  in  size  also  exist  with  regard  to  thè  mudi  smaller  spikelets 
and  grains  in  Ph .  bertolonii  DC.  and  those  of  Ph.  pratense  L.  (Photograph  3, 
Nordenskiòld,  1945,  pp.  94,  99,  102;  Hubbard,  1954,  pp.  294 — 7,  1968,  pp. 
320—3). 


Distribution  of  culms  according  to  internode  numbers 

I  counted  thè  internodes  of  thè  culms  hearing  panicles  (relative  mairi 
axis)  on  4x30  (i.e.  120  culms).  I  compared  thè  two  species  from  this  point 
of  view  and  examined  thè  differences  between  plants  from  originai  habitats 
and  those  from  experimental  gardens  (Fig.  1). 

According  to  thè  observations,  thè  internode  numbers  of  culms  in  Ph. 
bertolonii  DC.  grown  under  naturai  conditions  show  greater  variance  than  do 
those  of  Ph.  pratense  L.  since  in  thè  former,  greater  as  well  as  smaller  internode 
numbers  are  to  be  found.  Under  garden  conditions,  thè  internode  number  of 
Ph.  bertolonii  DC.  is  much  greater  than  that  of  Ph.  pratense  L.  Variance  is  also 
greater  here  in  thè  case  of  Ph.  bertolonii  DC.  (Fig.  1). 

The  culms  of  Ph.  bertolonii  DC.  examined  have  5,  6,  7,  8,  9,  10  internodes 
in  originai  habitats,  while  those  of  Ph.  pratense  L.  are  only  of  6,  7,  8  inter¬ 
nodes.  The  latter  plants  show  thè  smallest  variation,  their  culms  are  only  of 
3  types  of  internode  number,  while  Ph.  bertolonii  DC.  has  doublé  this  number, 
that  is  6  kinds  (Fig.  1). 

In  garden  conditions,  thè  culms  of  Ph.  bertolonii  DC.  are  of  thè  greatest 
variance  with  regard  to  internode  numbers  in  thè  examined  material,  since 
they  have  8,  9,  10,  11,  12,  13,  14,  16  internodes,  that  is  8  types;  while  those 
of  Ph.  pratense  L.  only  have  6,  7,  8,  9,  10  internodes,  that  is  5  types.  The  dis¬ 
tribution  according  to  internode  numbers  of  culms  in  Ph.  bertolonii  DC.  shows 
a  greater  variation  than  that  o f  Ph.  pratense  L.  (Fig.  1). 
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Photographs  1  and  2.  Epidermal  cells  of  Phleum  bertolonii  DC.  culms.  and  Ph.  pratense  L. 
culms,  below  thè  panicles  (  X  250  in  every  case) 
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Photograph  3.  Spikelets  and  grains  with  upper  and  lower  glumes  of  Ph.  berlolonii  DC.  and 

Ph.  pratense  L.  (  X  14) 


A  comparison  between  thè  two  species  ori  thè  basis  of  their  vegetative  spreading 

In  thè  experimental  garden,  decumbency  and  thè  growth  of  stems  planted 
40  cm  apart  are  not  hindered  by  other  plants,  it  is  for  this  reason  that  under 
garden  conditions  thè  strongly  innovational  Ph.  bertolonii  DC.  stems  were  able 
to  develop.  Their  culms  lie  in  a  decumbent  position,  some  of  them  extending 
to  a  length  of  72  cm  (Photographs  4  and  5). 

The  Ph.  pratense  L.  stems,  on  thè  other  hand,  are  not  innovational  in 
character,  even  under  identical  garden  conditions,  or,  alternatively  they  have 
innovations  only  to  a  small  extent  in  spite  of  thè  fact  that  they  have  sufficient 
space  for  development,  similarly  to  thè  Ph.  bertolonii  DC.  stems  (thè  distance 
between  thè  various  stems  is  40  cm).  Their  culms  mostly  grow  upright  (Photo¬ 
graph  6),  they  never  creep  along  ground.  They  are  only  rarely  broken  at  thè 
nodes,  which  on  thè  other  hand  is  a  generai  characteristic  of  thè  culms  of  Ph. 
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Fig.  1.  Distribution  of  culms  by  internode  number 

bertolonii  DC.  The  reclining  culms,  innovations  of  relative  main  axis,  are  in 
many  cases  develop  roots  and  they  therefore  reproduce  themselves  vegetatively 
(Photographs  5  and  7). 


Photograph  4.  Ph.  bertolonii  DC.  grown  in  thè  experimental  garden;  thè  plant  is  loose,  it  has 
innovations,  its  culms  are  decumbent 
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Photograph  5.  The  decumbent  relative  main  and  side  axes  exhibiting  branching  at  several 
node  levels  of  Ph.  bertolonii  DC.  grown  in  thè  experiinental  garden  (originai  magnitude) 

Distribution  of  thè  internode  lengths  of  culrns  by  levels 

On  thè  culms  of  experimental  garden  Phleums  collected  and  measured 
on  July  24,  1975,  thè  flowering  was  finished,  thè  ripening  of  fruit  was  begun, 
thè  panicles  were  stili  whole,  marks  of  disorganization  could  not  be  seen  on 
them,  unlike  in  thè  case  of  culms  from  Pilisszentlàszló,  which  were  collected 
and  measured  on  October  29  in  thè  same  year.  In  those  thè  seeds  had  already 
ripened,  in  fact,  most  of  them  had  dropped,  thè  panicles  were  broken  and  had 
come  off  (therefore,  their  length  could  not  be  measured). 

The  internode  lengths  by  levels  of  thè  culms  of  thè  two  species  were 
measured  and  compared  with  one  another.  The  internode  numbers  of  thè  culms 
examined  varied  to  a  very  great  extent  (Fig.  1).  The  comparison  of  thè  various 
internode  levels  was  begun  from  below;  that  is  from  thè  rooty,  underground, 
tuberously  thickened  internodes.  In  this  way,  thè  most  characteristic,  longest 
internodes  of  thè  various  culms,  that  is,  those  under  thè  panicles  did  not  fall 
into  thè  same  level.  When  thè  comparison  started  from  above,  thè  lower  inter¬ 
nodes  became  displaced;  therefore,  thè  internode  lengths  of  thè  culm  material 
were  compared  in  various  ways. 

Of  thè  culms  from  Pilisszentlàszló  and  from  thè  experimental  garden, 
I  selected  thè  ones  which  had  thè  most  frequently  occurring  internode  numbers 
and  I  measured  their  identical  internode  levels.  As  a  result,  from  thè  Pilis- 
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Photograph  6.  From  thè  dense  stocks  of  Ph.  pratense  L.  thè  culms  climh  high  in  an  upright 

manner 


szentlàszló  material  of  thè  two  species  only  thè  culms  having  7  internodes, 
while  from  thè  garden  material  only  those  having  8  internodes  were  subjected 
to  comparison  (Fig.  2a,  b;  Table  1).  In  these,  thè  shifting  of  thè  internodes 
of  identical  level  was  eliminated. 

The  internode  lengths,  from  thè  average  of  66  culms,  are  graphicallv 
demonstrated  (Fig.  2a,  b).  Curve  S,  characteristic  of  culms  whose  growth  is 
not  unlimited  (Troll,  1937),  is  well  depicted  in  thè  case  of  thè  non-decumbent 
Ph.  pratense  L.  culms  obtained  from  thè  originai  habitat,  while  in  thè  case 
of  Ph.  bertolonii  DC.  (also  obtained  from  thè  originai  habitat)  it  is  exponential 
(Fig.  2a).  Under  garden  conditions,  thè  internode  lengths  slightly  fluctuate 
initially,  before  reaching  thè  maximum,  in  both  of  thè  species  (Fig.  2b). 

Naturally,  thè  lengths  of  thè  internodes  in  thè  hexaploid  Ph.  pratense  L. 
are  greater  than  those  of  thè  diploid  Ph.  bertolonii  DC.  With  regard  to  thè 
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Pilis  .mountains  Experimental  garden 

"PilisszenUàszló'* 


cm  cm  cm 


culms  growing  in  thè  originai  habitats  there  is  a  significant  clifference  of  1%, 
at  all  thè  internode  levels,  between  thè  two  species  (Fig.  2a,  Tables  1  and  2). 
With  regard  to  thè  culms  having  8  internodes  of  thè  two  Phleum  species  grown 
in  thè  experimental  garden,  it  is  only  thè  average  lengths  of  thè  panicles  and 
of  thè  two  uppermost  internodes  (internodes  7  and  8)  that  differ  significantly, 
while  thè  lengths  of  thè  6  lower  internodes  do  not  (Fig.  2b,  Table  1). 

The  experimental  material  showed  that  thè  internodes  of  thè  culms 
having  fewer  internodes  —  in  thè  case  of  Ph.  bertolonii  DC.,  thè  culms  having 
8  internodes,  under  garden  conditions  thè  ones  which  have  thè  smallest  number 
of  internodes  (Fig.  1)  —  are  in  generai  longer  than  those  having  a  great  number 
of  internodes.  This  is  probably  why  thè  lower  internodes  of  thè  culms  having 
few  internodes  in  thè  decumbent  Ph.  bertolonii  DC.,  grown  in  garden  condi¬ 
tions,  extend  further  than  those  of  thè  hexaploid  Ph.  pratense  L.  at  identical 
levels.  This  difference  in  length  is  not  significant  (Fig.  2  b,  Table  1).  As  soon 
as  thè  upper  internodes  of  thè  Ph.  pratense  L.  are  longer,  thè  internode  length 
differences  in  thè  two  species  becoine  significant  (internodes  7  and  8  and  thè 
length  of  thè  panicle). 

In  a  comparison  between  thè  lower  internodes  of  thè  culms  of  Ph.  berto¬ 
lonii  DC.  grown  in  thè  originai  habitat  and  those  in  garden  conditions,  thè 
internodes  of  thè  former  are  remarkably  shorter  than  those  of  thè  latter.  On  an 
average,  it  is  only  thè  internode  6  thè  length  of  which  is  slightly  longer  than 
5  cm  (5.3  cm),  whereas  in  thè  culms  grown  in  thè  experimental  garden,  thè 
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Table  1 

Averaged  data  of  internode  lengths ,  cumulate  lengths  and  significances  by  internode  levels  of 
thè  7  and  8  internode  culms  of  Phleum  bertolonii  DC.  and  Phleum  pratense  L.  grown  in  thè  originai 
habitat  and  in  thè  experimental  garden ,  based  on  40  and  26  data 


Culms  of  7  internodes  from  “Pilisszentlaszló” 


Dato 

Develop- 
mental 
stages  and 
phenophases 

Internode 

serial 

numbers 

Phleum 

bertolonii 

Phleum 

pratense 

Signif  - 
1  icance 

Level, 

% 

average 
length 
in  cm 

cumulate 
length 
in  cm 

average 
length 
in  cm 

1  cumulate 
length 
in  cm 

29.  X.  1975 

24 

1 

1.3 

1.3 

2.3 

2.3 

s 

1 

34 

2 

1.4 

2.7 

10.0 

12.3 

s 

1 

41,  42 

3 

2.0 

4.7 

15.8 

28.1 

s 

1 

Average  height,  in  cm 

4 

2.1 

6.8 

12.7 

40.8 

s 

1 

without  panicle 

5 

2.6 

9.4 

12.9 

53.7 

s 

1 

Ph.  bertolonii, 

:  32.9 

6 

5.3 

14.7 

20.5 

74.2 

s 

1 

Ph.  pratense: 

110.0 

7 

18.2 

32.9 

35.8 

110.0 

s 

1 

Culms  of  8  internodes  from  experimental  garden 

24.  Vili. 

24 

1 

2.3 

2.3 

2.3 

2.3 

NS 

1975 

33 

2 

3.6 

5.9 

3.1 

5.4 

NS 

3 

5.6 

11.5 

4.4 

9.8 

NS 

4 

6.1 

17.6 

6.1 

15.9 

NS 

Average  height,  in  cm 

5 

7.5 

25.1 

6.8 

22.7 

NS 

without  Daniele 

6 

8.8 

33.9 

8.5 

31.2 

NS 

Ph.  bertolonii 

:  56.2 

7 

8.5 

42.4 

13.6 

44.8 

S 

1 

Ph.  pratense: 

72.1 

8 

13.8 

56.2 

27.3 

72.1 

s 

1 

panicle 

6.1 

62.3 

8.9 

81.0 

s 

5 

third  internode  is  already  of  an  average  length  of  5.6  cm  (Fig.  2a,  b,  Table  1). 
This  is  all  thè  more  remarkable  as,  presumably,  thè  garden  culms  —  which  are 
stili  at  thè  beginning  of  thè  fruiting  stage  —  will  further  increase  in  length 
(even  though  this  may  be  only  a  few  mm).  In  thè  fully-grown  state,  thè  average 
length  of  thè  uppermost  internodes  beneath  thè  panicles  is  indeed  much  greater 
(18.2  cm)  in  thè  originai  habitat,  than  in  garden  conditions  (13.8  cm)  not  much 
later  than  thè  post-flowering  state.  In  thè  case  of  thè  Ph.  pratense  L.,  all  thè 
internodes  of  thè  fully-grown  culms  (except  thè  lowermost)  in  thè  originai 
habitat  are  on  thè  average  longer  than  those  of  thè  garden  culms  in  thè  post- 
flowering  state  (Fig.  2a,  b,  Table  1). 

In  order  to  be  able  to  evaluate  not  only  thè  culms  having  7  and  8  inter¬ 
nodes,  I  have  made  a  comparison  also  between  thè  averages  of  thè  internode 
lengths  of  all  thè  culms  measured  (more  than  200).  The  main  problem  with 
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Table  2 

Averaged  data  of  internode  lengths ,  cumulate  lengths  and  significances  by  internode  levels  of  thè 
culms  of  Phleum  bertolonii  DC.  and  Phleum  pratense  L.  groivn  in  thè  originai  habitat  and  in 
thè  experimental  garden,  from  thè  complete  investigational  material ,  based  on  over  200  data 


“Pilisszentlàszló” 


Develop- 
mental 
stages  and 
phenophases 

Internode 

serial 

numbers 

Phleum  bertolonii 

Phleum 

pratense 

Date 

average 
length 
in  cm 

cumulate 
length 
in  cm 

average 
length 
in  cm 

cumulate 
length 
in  cm 

Signif- 

icance 

Level, 

% 

29.  X.  1975 

24 

1 

1.4 

1.4 

2.8 

2.8 

s 

1 

34 

2 

1.6 

3.0 

9.1 

11.9 

s 

1 

41,  42 

3 

2.1 

5.1 

13.4 

25.3 

s 

1 

4 

2.6 

7.7 

11.4 

36.7 

s 

1 

6 

1.6 

33.7 

8.5 

97.7 

s 

1 

5 

2.1 

32.1 

13.8 

89.2 

s 

1 

4 

2.0 

30.0 

11.9 

75.4 

s 

1 

3 

2.9 

28.0 

11.8 

63.5 

s 

1 

2 

6.1 

25.1 

18.3 

51.7 

i  s 

1 

1 

19.0 

19.0 

33.4 

33.4 

s 

1 

Experimental  garden 


24.  Vili. 

24 

1 

2.3 

2.3 

2.6 

2.6 

NS 

1975 

33 

2 

3.1 

5.4 

3.7 

6.3 

NS 

3 

4.0 

9.4 

5.0 

11.3 

NS 

4 

4.5 

13.9 

6.3 

17.6 

S 

1 

5 

5.1 

19.0 

8.2 

25.8 

s 

1 

6 

4.8 

47.3 

4.6 

69.2 

NS 

5 

5.1 

42.5 

6.3 

64.6 

s 

5 

4 

5.7 

37.4 

7.0 

58.3 

s 

5 

3 

7.0 

31.7 

9.1 

51.3 

s 

1 

2 

6.7 

24.7 

14.1 

42.2 

s 

1 

1 

13.2 

18.0 

29.5 

38.1 

s 

1 

pallide 

4.8 

4.8 

8.6 

8.6 

s 

1 

regard  to  thè  differences  in  internode  numbers,  which  stili  awaits  solution,  was 
attempted  to  be  avoided  by  measuring  only  up  to  a  certain  level  of  nodes  from 
ebove  downwards  and  vice  versa.  This  way  of  measuring  leads  in  principle  to 
reai  values  which  are  usable  to  some  extent.  I  should  like  to  emphasize,  how- 
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ever,  that  this  problem  was  not  fully  solved  in  this  way,  and  I  intend  to  deal 
with  this  question  in  greater  detail  in  thè  future. 

Internode  lengths  were  measured  from  below  upwards,  up  to  internodes 

4  and  5,  as  long  as  thè  non-significant  differences  (NS)  turned  into  significant 
ones  (S),  and  vice  versa ,  that  is  from  above,  taking  thè  longest  internodes 
below  thè  panicles  as  No.  1,  downwards  to  internode  6,  experimentally,  as  long 
as  thè  difference  S  became  NS  (Fig.  2c,  Table  2).  Due  to  thè  causes  mentioned 
above,  thè  continuation  of  thè  comparison  between  thè  internode  levels  was 
not  worth-while. 

Now,  after  thè  averages  of  all  thè  data  have  been  compared,  it  can  be 
stated  that  thè  internode  lengths  of  thè  culms  of  Ph.  bertolonii  DC.  and  Ph. 
pratense  L.,  originating  from  thè  originai  habitat  of  Pilisszentlàszló,  differ 
significantly  on  a  1%  level,  at  10  internode  levels.  The  internodes  of  Ph. 
pratense  L.  are  on  thè  average  much  longer  than  those  of  Ph.  bertolonii  DC. 
(Table  2). 

In  measuring  and  comparing  thè  whole  material  of  investigation.  a  more 
significant  difference  is  to  be  found  between  thè  two  Phleum  species  grown 
in  thè  experimental  garden  in  thè  case  of  culms  having  several  internode  levels 
than  in  culms  having  only  8  internodes  (Tables  1  and  2).  In  thè  case  of  all  data 
thè  length  of  thè  upper  5  internodes  is  S  in  character,  while  in  thè  case  of 
culms  having  8  internodes,  only  thè  upper  2  internodes  are  S  in  nature. Wlien 
considering  all  thè  data,  thè  4th  internode  from  below  is  already  S,  while  in 
thè  case  of  culms  having  8  internodes,  only  thè  7th  internode  from  below  is 

5  (Fig.  2b,  c,  Tables  1  and  2). 

Since  all  thè  culms  were  considered,  that  is  thè  Ph.  bertolonii  DC.  culms 
having  greater  internode  numbers  and  shorter  internodes,  too,  thè  difference 
S  occurred  at  more  internode  levels  than  when  only  thè  culms  of  Ph.  pratense  L., 
having  longer  internodes,  were  compared. 


Distribution  of  thè  tubers*  and  of  thè  innovations  by 
node  levels 

I  counted  and  compared  thè  number  of  tubers  and  innovations  on 
4x33  (i.e.  132)  culms.  The  number  of  tubers  and  of  innovations  is,  in 
generai,  thè  greatest  in  relation  to  thè  lowermost  nodes  in  most  of  thè  culms, 
their  number  decreases  to  a  remarkable  extent  in  thè  case  of  thè  upper  nodes. 
The  exceptions  are  thè  culms  of  thè  Ph.  bertolonii  DC.  plants  grown  in  garden 
conditions.  These  are  of  another  character  (Fig.  3). 

*  The  tuberous  thickening  of  thè  lowermost  internodes  and  of  a  few  upper  internodes. 
I  intend  to  deal  with  thè  description  of  their  external  and  internai  morphology,  in  one  of  my 
future  publications.  I  use  thè  terni:  tuber,  after  Arber  (1965). 
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Pilis  mountains  Experimental  garden 

"Pilisszentlàszló" 


in  ter  no  de  serial  numbers 


Fig.  3.  Distribution  of  tubers  (pseudobulbs)  and  innovations  by  node  levels,  in  132  culins 


Let  us  consider  first  thè  tubers.  In  thè  case  of  both  species,  thè 
lower  part  of  thè  lowermost  internode  —  in  thè  Ph.  bertolonii  DC.  species 
mostly  thè  whole  internode  —  thickened  tuber  (Photographs  7,  8,  9). 
This  refers  to  125  culms  out  of  thè  132;  thè  7  Ph.  bertolonii  DC.  culms  grown 
in  thè  experimental  garden  were  exceptions.  On  thè  other  hand,  in  thè  case 
of  thè  Ph.  bertolonii  DC.  culms  grown  in  thè  experimental  garden,  there  were 
tubers  even  at  internodes  Nos  6,  7  and  8.  On  thè  other  culms  examined 
there  were  no  tubers  at  such  high  internode  levels.  This  is  in  connection 
with  thè  greater  number  of  internodes  in  Ph.  bertolonii  DC.  culms  (Fig.  1,  3), 
especially  among  garden  conditions,  where  thè  culms  lie  in  a  decumbent  posi- 
tion  and  develop  roots  (Photographs  4,  6  and  7). 

The  distribution  of  thè  number  of  innovations  by  node  levels  is  similar 
to  that  of  thè  tubers  (Fig.  3).  Naturally,  most  of  thè  innovations  are  on 
thè  lowermost  nodes,  their  number  decreases  on  thè  upper  nodes.  In  thè  plant 
examined,  there  are  no  innovations  even  at  thè  4th  node.  Deviations  are  also 
in  this  case  thè  Ph.  bertolonii  DC.  culms  grown  in  garden  and  having  many 
nodes,  because  they  have  innovations  even  on  thè  12th  node.  Most  of  thè 
innovations  —  altogether  14  — occurred  on  thè  6th  node  level  in  thè  33  culms 
measured,  i.e.  more  tlian  on  thè  lowermost  nodes,  where  a  total  of  only  9  inno¬ 
vations  started  to  grow  (Fig.  3). 
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Photograph  7.  The  side  culm  ramifying  froin  thè  relative  main  axis  of  Ph.  bertolonii  DC.; 

its  first  internode  has  tubers 


In  secondary,  disturbed  habitats,  thè  number  of  Ph.  bertolonii  DC. 
tubers  and  thè  number  of  their  innovations  remarkably  increase,  whereas 
thè  number  of  thè  Ph.  pratense  L.  tubers  and  of  their  innovations  do  not 
significantly  change  even  under  secondary  conditions. 

According  to  thè  observations,  thè  innovations  of  thè  garden  Ph.  berto¬ 
lonii  DC.  are  mostly  well  developed  by  thè  middle  of  August,  possibly  they 
exhibit  multifurcation  (Photographs  4,  5).  The  first  internodes  of  thè  branch- 
ings  have  tubers  (Photographs  5,  7)  and  in  many  cases  these  already 
come  off  thè  relative  main  axis.  Since  under  garden  conditions  there  is  space 
(thè  plants  are  40  cm  apart),  thè  other  plants  do  not  hinder  thè  plants  lying 
along  thè  ground,  thè  side  culms  which  have  come  off,  and  have  tubers, 
continue  their  existence  as  independent  geotrophic  plants.  They  reproduce 
themselves  vegetatively.  I  have  not  experienced  this  in  thè  case  of  Ph.  pratense 
L.,  even  in  garden  conditions. 
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Photograph  8.  The  lower  internodes  of  Ph.  pratense  L.  have  tubers  (originai  magnitude) 


Photograph  9.  The  lowermost  irternodes  of  Ph.  pratense  L.  are  coinpletelv  “tuberouse  d'* 
this  is  conspicuous  in  thè  stems  freed  from  lea^  sheaths  (origina1  magnitude) 
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There  is  a  difference  between  thè  two  species  also  in  thè  number  of  inno- 
vations  by  thè  node.  By  examining  thè  culms  (relative  main  axes)  each  sepa- 
rately,  it  can  be  stated  that  in  both  of  thè  species,  thè  most  frequent  occurrence 


Photograph  10.  Lower  part  of  Ph.  pratense  L.  upper  internodes,  with  tubers 


is  that  onc  innovation  grows  from  one  node.  The  case  of  two  innovations  start- 
ing  from  one  node  is  also  rather  frequent,  but  to  have  three  of  them  is  already 
rare.  By  examining  thè  culms  of  thè  two  species  by  nodes,  it  is  only  thè  lower- 
most  nodes  from  which  two  or  three  innovations  start  by  node,  while  from  thè 
second  and  third  nodes  only  one  innovation  grows.  As  opposed  to  this,  from 
thè  fourth,  sixth  and  seventh  nodes  of  thè  garden  Ph.  bertolonii  DC.  culms  two 
innovations  start  often  by  node.  At  thè  lowermost  node  1  found  three  innova¬ 
tions  only  once  out  of  thè  33  cases. 
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In  a  comparison  of  all  thè  node  levels,  it  can  be  inferred  that  thè  number 
of  tubers  and  innovations  decreases  from  thè  lowermost  nodes  upwards. 
The  number  of  tubers  follows  thè  decrease  in  number  of  innovations. 
The  culms  of  garden  Ph.  bertolonii  DC.  are  different  from  this.  Here,  between 
thè  3rd  and  5th  nodes,  thè  number  of  innovations  increases  with  thè  decrease 
in  number  of  tubers.  Concerning  thè  culms  of  thè  garden  Ph.  pratense  L.  plants, 
between  thè  first  and  second  nodes,  thè  number  of  tubers  remarkably 
decreases,  while  that  of  thè  innovations  increases  to  a  slight  extent  (Fig.  3). 

The  tubers  of  thè  culms  develop  even  at  one-two  node  levels  higher 
(Photograph  10)  than  thè  innovations.  Here  again,  thè  culms  of  garden  Ph. 
bertolonii  DC.  are  different,  since  thè  innovations  occurred  at  even  four  nodes 
higher  levels  (thè  highest  level  of  tubers  was  thè  eighth  node,  while  that 
of  thè  innovations  was  thè  twelfth  node;  Fig.  3). 


Summary 

In  all  sizes,  thè  diploid  (2n  =  14)  Phleum  bertolonii  DC.  is  smaller  than 
thè  hexaploid  (2n  =  42)  Phleum  pratense  L.  (Nordenskiòld,  1945;  Hubbard, 
1954;  1968).  Qualitative  and  quantitative  as  well  as  informatory  measure- 
ments  were  carried  out  with  regard  to  thè  sizes  of  thè  epidermal  cells  of  culms, 
spikelets  and  grains.  In  order  to  determine  thè  number  and  length  of  thè  inter- 
nodes  and  thè  number  of  tubers  and  innovations  detailed  measurements 
and  comparisons  were  carried  out  on  thè  culms  of  thè  two  Phleum  species, 
at  internode  and  node  levels. 

The  Phleum  bertolonii  DC.  culms  generally  have  more  internodes  than 
have  thè  identical  Phleum  pratense  L.  culms.  This  difference  is  more  significant 
in  garden  conditions  where  thè  Phleum  bertolonii  DC.  culms  spread  in  a  de- 
cumbent  position,  their  rhizome  develop  innovations  to  a  remarkable  extent 
and  reproduce  themselves  vegetatively. 

According  to  thè  examinations,  thè  internode  lengths  differ  significantly 
at  every  internode  level  between  thè  two  Phleum  species  grown  in  thè  originai 
habitat.  In  thè  culms  of  thè  garden  plants,  thè  upper  5  internode  lengths  differ 
significantly  when  applying  a  great  number  of  specimens  (which  means  a 
method  modified  for  reasons  of  principio),  while  thè  upper  2  only  differ  when 
using  few  and  selected  specimens. 

In  thè  lower  third  of  thè  culms  of  both  of  thè  species,  thè  lower  part  of 
thè  internodes,  or  alternatively  thè  whole  internodes  thicken  (tuber). 
The  number  of  thè  tubers  decreases  rapidly  upwards  on  thè  culms,  except 
in  thè  Phleum  bertolonii  DC.  culms  grown  in  thè  garden;  with  them,  most  of 
thè  tubers  appear  by  and  large  on  thè  middle  internodes  of  thè  culms  on 
thè  average. 
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With  both  species,  innovations  grow  from  thè  lower  nodes  of  thè  culms, 
while  from  thè  upper  nodes  fewer  grow.  In  thè  33  Phleum  bertolonii  DC.  culms 
grown  in  thè  garden,  innovations  grow  on  thè  average  from  every  node,  except 
thè  uppermost  nodes. 

In  secondary,  garden  conditions,  thè  tubers  and  innovations  by 
nodes  of  thè  Ph.  bertolonii  DC.  culms  increase  remarkahly  as  against  those  of 
Ph.  pratense  L.  grown  under  identical  conditions.  This  is  in  connection  with 
thè  greater  number  of  internodes  in  Ph.  bertolonii  DC.  and  especially  with  its 
heing  inclined  to  reproduce  itself  vegetatively. 
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THE  MELOCACTUS  SPECIES  OF  CUBA 


By 

Z.  Mészaros 

RESEARCH  INSTITUTE  FOR  PLANT  PROTECTION,  BUDAPEST 
(Received  November  10,  1975) 


The  author  collected  cacti  in  Cuba  in  1974  1975.  As  a  r^sult  of  his  collecting 

activities  he  describes  five  new  Melocactus  species  (M.  jakusii  sp.  n.,  borhidii  sp.  n., 
evae  sp.  n.,  radoczii  sp.  n.,  nagyii  sp.  n.),  a  new  subspecies  (M.  acunai  Leon  ssp.  lagu- 
naensis  ssp.  n.)  and  a  new  variety  (M.  acunai  Leon  var.  flavispinus  var.  n.).  On  thè 
basis  of  thè  new  species  and  of  thè  four  known  Melocactus  species  (M.  harlowii  Br.  et 
Rose,  acunai  Leon,  guitartii  Leon,  matanzanus  Leon),  thè  author  submits  also  a  mono- 
graphic  elaboration  of  thè  Cuban  Melocactus  species. 

The  first  Melocactus  species  of  Cuba  (Melocactus  harlowii)  was  described 
by  Britton  and  Rose,  frorn  thè  province  Oriente  (“Coastal  cliffs,  U.S.  Naval 
Station”  —  Guantànaino),  in  1912.  More  than  twenty  years  passed  before 
three  other  Melocactus  species  were  described  by  Leon  (1934)  from  Cuba, 
namely  Melocactus  acunai  (Punta  Maisi,  Oriente),  M.  guitartii  (Sierra  de  Jati- 
bonico  del  Sur,  on  thè  outskirts  of  Camagùey  and  Las  \illas,  and  M.  matanza¬ 
nus  (Cuabal  de  las  Tres  Ceibas,  Matanzas). 

In  thè  same  work,  Leon  reported  another  locality  of  M.  harlowii ,  namely 
Imias  on  thè  southern  coast.  Referring  to  a  personal  communication  by  Brit- 
ton,  he  mentioned  a  further  site  called  Ensenada  de  Mora  near  Cabo  Cruz 
in  thè  Coastal  section. 

I  had  opportunities  on  three  occasions  in  Oriente  to  collecting  cacti  with 
thè  kind  assistance  of  thè  Hungarian  geologist  expedition.  The  first  occasion 
was  between  December  29,  1974  and  January  19,  1975,  when  I  was  with 
Elemér  Nagy,  between  Guantànamo  and  Surgidero  de  Macainbo,  and  also 
Pilón  and  E1  Macio;  thè  second  occasion  was  between  March  6  and  10,  1975, 
when  I  was  with  Peter  Jakus  between  Tortuguilla  and  Playitas  de  Cajobabo, 
as  well  as  in  thè  Sierra  Cerro  Galano;  thè  third  occasion  was  between  May 
13  and  17,  1975,  when  I  was  with  Gyula  Radocz,  between  Tortuguilla  and 
Punta  Caleta,  as  well  as  in  thè  areas  of  Sierra  de  Purial  and  Sierra  de  Baracoa. 
In  addition  to  these  joint  collecting  activities,  Elemér  Nagy  collected  cacti 
for  me  on  thè  outskirts  of  Guantànamo,  and  of  Punta  Maisi,  in  Aprii,  1975; 
Gyula  Radocz  collected  Melocacti  for  me  between  Pilón  and  Santiago  de  Cuba 
on  thè  southern  coast,  in  May,  1975.  Our  collecting  tours  resulted  in  species 
new  for  Science,  in  addition  to  thè  collection  of  species  already  known. 
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We  also  succeeded  in  collecting  two  Melocactus  species  (M.  matanzanus 
Leon  and  M.  guitartii  Leon)  in  localities  outside  of  thè  territory  of  Oriente, 
between  March  and  May,  1975. 

Difficulties  arose  when  thè  nominate  subspecies  of  M .  harlowii  was  to 
be  determined.  According  to  our  collecting  experience,  closely  related  yet 
district  species  grow  in  discontinuous  areas  on  thè  southern  coast.  The  popula- 
tion  found  on  thè  so-called  uMacambo  terrace”,  west  from  thè  village  Imias, 
seems  to  come  nearest  Britton  and  Rose’s  description.  Since  thè  originai 
description  is  rather  taciturn,  and  thè  type-locality  of  thè  species  (Guantà- 
namo)  is  not  accessible  owing  to  strategie  reasons,  it  seemed  proper  to  give 
a  more  detailed  description  of  thè  morphological  characteristics.  This  solution 
seemed  thè  more  appropriate  as  Leon  (1.  c.)  mentioned  thè  village  Imias  as 
thè  second  known  locality  of  M.  harlowii . 

The  southern  coast  of  Oriente  is  remarkably  rich  in  Melocactus  species. 
On  thè  southern  coast  and  in  thè  dry  valleys  and  thè  serpentine  areas  intruding 
for  some  kilometres  in  many  places  towards  thè  north  numerous  Melocactus 
populations  grow  which  have  separated  partly  into  distinct  species  partly  into 
subspecies.  I  am  convinced  that  this  coast  section  has  other  Melocactus  species 
and  infraspecific  forms  stili  in  store.  My  opinion  in  this  respect  agrees  with 
that  of  J.  Riha  (1971),  who  also  collected  Melocacti  in  thè  area.  However, 
a  more  accurate  survey  of  thè  areas  is  hardly  conceivable  without  thè  help 
of  thè  Cuban  authorities. 

The  type-specimens  of  thè  new  species  and  subspecies  have  been  deposited 
in  thè  National  Herbarium  of  Cuba  (Santiago  de  las  Vegas,  La  Habana,  Cuba). 


A  survey  of  thè  Melocactus  species  of  Cuba 

Series:  Matanzanus 

1.  M.  matanzanus  Leon  —  Cuabal  de  las  Tres  Ceibas,  north  of  Corrai  Nuevo 
(Matanzas),  on  serpentine  grounds. 

Series:  Guitartii 

2.  M.  guitartii  Leon  —  Sierra  de  Jatibonico  del  Sur,  to  thè  north-west  of 
Arroyo  Bermejo,  in  thè  direction  of  Boca  Chica,  in  thè  territory  of  Finca 
Dagamal  and  Finca  Juan  Lopez  (Camagiiey),  on  pyroxene  andesite  rocks. 

3.  M.  jakusii  sp.  nova  —  Sierra  Cerro  Galano,  to  thè  east  of  Holguin 
(Oriente),  on  serpentine  rocks. 
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Series:  Harlowii 
4.  M.  harlowii  agg. 

4. a.  M.  harloivii  Br.  et  Rose  —  Surgidero  de  Macambo,  to  thè  west  of 
Imias  (Oriente),  on  Coastal  limestone  terraces. 

4.b.  M.  borhidii  sp.  nova  —  between  Tortuguilla  and  Baitiquiri,  to  thè  east 
of  thè  mouth  of  Rio  Yateras  (Oriente),  on  Coastal  limestone  terraces. 

4. c.  M.  evae  sp.  nova  —  on  thè  western  side  of  Guantànamo  Bay,  to  thè 

south-west  of  Caiinanera  (Oriente),  on  single  conglomerations  arising 
from  sandstone. 

5.  M.  radoczii  sp.  nova  —  Sierra  de  Baracoa,  to  thè  north  of  La  Tinta, 
on  thè  outskirts  of  Guajimero  (Oriente),  on  serpentine  substrate. 

6.  M.  acunai  Leon 

M.  acunai  ssp.  acunai  var.  acunai  —  south-west  and  west  from  Punta 
Maisi  (thè  easternmost  point  of  Cuba)  up  to  Imias  (Oriente),  on  Coastal 
limestone  terraces. 

—  —  var.  flavispinus  var.  nova  —  in  thè  former  territory,  around  thè 
mouth  of  thè  Rio  Tacre,  on  Coastal  limestone  terraces. 

M.  acunai  ssp.  lagunaensis  ssp.  nova  —  Sierra  de  Purial,  to  thè  north 
and  north-west  of  Cajobabo,  on  thè  western  side  of  Rio  Jojo,  to  thè 
north  and  north-west  of  Laguna  de  Jojo,  on  locai  serpentine  extrusions. 

7.  M.  nagyii  sp.  nova  —  between  La  Mota  and  Ocujal,  in  thè  Coastal  belt 
lying  along  thè  southern  side  of  thè  Sierra  Maestra  (Oriente),  on  volcanic 
rocks  and  cliff  walls. 


Fig.  1.  Melocactus  species  of  Oriente.  3  =  M.  jakusii ;  4/A  =  M.  harlowii ;  4/B  =  M.  bor¬ 
hidii;  4/C  =  M.  evae;  5  =  M.  radoczi;  6  =  M.  acunai;  6/A  =  M.  acunai  ssp.  lagunaense ; 

7  =  M.  nagyi ;  8  =  Melocactus  sp.? 
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Identification  key  to  thè  Melocactus  species  of  Cuba 

1. a.  Plants  of  small  or  medium  stature;  flattened,  globulose,  or  their  height 

not  much  differing  from  their  diameter;  not  ramifying.  Radiai  and 
centrai  bristles  readily  distinguishable,  radiai  bristles  curving  towards 

body,  centrai  ones  protruding  or  curving  towards  body  .  2 

b.  Plants  of  various  sizes,  approximately  columellar,  their  height  always 
greater  than  their  diameter  (without  cephalium).  Mature  individuai 
rather  inclined  to  ramification.  Radiai  and  centrai  bristles  hardly  dis¬ 
tinguishable,  radiai  bristles  not  or  hardly  curving  towards  body  .  .  4 

2.  a.  Stature  small,  flattened,  globose;  maximum  diameter  10  cm;  eight  ribs. 

Bristles  not  meeting,  body  of  plant  freely  seen  among  its  short  grey 
bristles,  all  bristles  curving  towards  body,  and  even  longest  bristle  not 
reaching  2  cm 

M.  matanzanus  Leon 

b.  Stature  medium,  diameter  10 — 12  cm,  height  less  or  hardly  more  (with¬ 
out  cephalium);  11 — 13  ribs.  Radiai  bristles  bending  towards  body, 
centrai  bristles  protruding  and  extending  to  a  length  of  more  than 

2  cm  .  3 

3.  a.  Flattened,  globose,  height  less  than  its  diameter  (without  cephalium). 

Bristles  dense,  its  two  strong  centrai  bristles  exceeding  3  cm 

M.  guitartii  Leon 

b.  Globose,  broadest  in  its  lower  third,  height  identical  with  diameter  or 
slightly  higher  (without  cephalium).  Bristles  sparser,  one  or  two  centrai 
bristles  generally  2 — 2.5  cm,  or  at  most  3  cm 

M.  jakusii  sp.  nova 

4.  a.  Bristles  extremely  strong  and  thick;  centrai  bristles  exceeding  4  cm? 

basally  exceeding  3  mm.  Stature  large,  columellar,  often  ramifying. 
A  varying  species,  rich  in  locai  forms. 

M.  acunai  Leon 

—  Cephalium-bristles  rigid,  regularly  arranged,  fruit  elongated  obovate 

M.  acunai  ssp.  acunai  Leon 

—  —  Bristles  brown  —  —  var.  acunai 

—  —  Bristles  honey-coloured,  occasionally  base  of  bristles  brownish 

—  —  var.  flavispinus  var.  nova 
—  Cephalium-bristles  soft,  irregularly  arranged,  fruit  short,  widely 
obovate 

M.  acunai  ssp.  lagunaensis  ssp.  nova 
b.  Bristles  thinner,  if  subuliform,  their  length  not  reaching  4  cm,  basally 
not  thicker  than  3  mm  .  5 
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5.  a.  Bristles  rigid,  non-elastic.  Cephalium  higher  than  wide;  bristles  of 

cephalium  loose,  soft,  more  or  less  irregularly  placed,  dull.  Columellar 
plants  of  large  stature,  often  ramifying.  A  varying  species,  rich  in  locai 
forms 

M.  nagyii  sp.  nova 

b.  Bristles  thinner,  more  or  less  elastic.  Cephalium  discoid,  height  smaller 
than  wide  (very  rarely  old  individuals  elongated).  Bristles  of  cephalium 
hard,  strong,  erect,  regularly  arranged  and  generally  of  a  vivid  coloura- 
tion  .  6 

6.  a.  Stature  large,  globose  or  elongately  ovate  (diameter  12 — 16  cm,  height 

11 —  18  cm,  without  cephalium) 

M.  harlowii  Br.  et  Rose 

—  Fruit  deep  pinkish  purpureous 

- f.  harlowii 

—  Fruit  white 

- f.  candidus 

b.  Stature  smaller  in  diameter  (in  fully  grown  state),  generally  less  than 
10  cm,  exceptionally  10 — 12  cm  .  7 

7.  a.  Slender,  columellar,  diameter  of  fully-grown  individuai  not  exceeding 

6 — 8  cm,  height  at  least  twice  greater;  mature  plant  with  5 — 8  strikingly 
lanuginose  areolar  rows  below  cephalium 

M.  borhidii  sp.  nova 

b.  Stature  smaller  elongately  ovai,  diameter  8 — 10  ( — 12)  cm,  height  al- 
ways  greater  than  diameter,  but  not  one  and  a  half  or  twice  higher; 
areolar  rows  below  cephalium  hardly  lanuginose  .  8 

8.  a.  Densely  ribbed  (13  ribs).  Central  bristles  erect  or  slightly  upcurving. 

Bristles  of  cephalium  dull  brown,  sparsely  spaced,  diameter  of  full- 
blown  flower  greater  than  20  mm 

M.  evae  sp.  nova 

b.  Sparsely  ribbed  (10  ribs).  Central  bristles  definitely  upcurving.  Bristles 
of  cephalium  bright  rufous,  denser.  Diameter  of  full-blown  flower 

12 —  14  mm  or  less 

M.  radoczii  sp.  nova 


The  Melocactus  species  of  thè  Province  Oriente 

The  southern  coast  of  thè  Province  Oriente  is  thè  poorest  in  precipitation 
in  Cuba.  The  annual  quantity  of  precipitation  is  generally  below  1000  mm,  but 
occasionally  below  800  mm  (Atlas  Nacional  Cuba,  La  Habana,  1970).  Accord- 
ing  to  thè  more  detailed  climate  analyses  by  Attila  Borhidi,  at  certain  places 
thè  precipitation  is  essentially  less  than  that:  between  300 — 500  mm  (Bor- 
hidi,  1974).  With  thè  exception  of  one  species,  all  Melocactus  species  of  Oriente 
grow  in  this  area. 


9* 
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The  exceptional  species  is  M.  jakusii  sp.  nova,  growing  on  thè  serpentine 
rocks  of  Sierra  Cerro  Galano,  in  NW  Oriente.  (The  two  species  which  grow 
outside  thè  boundaries  of  Oriente,  viz.  M.  matanzanus  Leon  and  M.  guitartii 
Leon,  are  to  be  found  more  inland,  in  similar  conditions,  on  serpentine  or  on 
pyroxene  andesite.)  Concerning  its  morphology  M.  jakusii  sp.  nova  stands 
dose  to  M.  guitartii  Leon,  which  grows  in  thè  Province  Camagiiey,  and  it  can 
be  relegated  to  thè  same  Series.  M .  jakusii  is  a  transitory  form  between  certain 
forms  of  M.  guitartii  and  M.  nagyii  sp.  nova  of  SW  Oriente. 

The  westernmost  Melocactus  species  of  thè  southern  coast  is  M.  nagyii 
sp.  nova,  inhabiting  a  section  of  some  40  km  in  thè  lower  regions  of  thè  southern 
rock  walls  of  thè  Sierra  Maestra,  between  La  Mota  and  Ocujal.  This  species 
produces  several  locai  forms,  more  or  less  in  contact  with  one  another.  The 
type-speciinens  were  collected  between  La  Mota  and  E1  Macio  on  andesite 
tufa-tufite  rocks,  about  10 — 20  m  a.s.l.  in  January,  1975  (leg.  Z.  Mészaros 
and  E.  Nagy).  Additional  specimens  were  collected  by  Gy.  Radocz,  in  May, 
1975.  These  originate  from  thè  following  localities: 

1.  Between  E1  Macio  and  thè  mouth  of  Rio  Macio,  on  andesite  porphyrine  rocks,  at 
about  50  m  a.s.l.  Plants  of  rather  sinall  stature,  conical,  vivid  green,  with  basai  shoots. 

2.  Between  thè  mouth  of  Rio  Macio  and  E1  Macho,  on  andesite  tufa-tufite,  at  20  —  50  m 
a.s.l.  More  yellowish,  conical  plants. 

3.  East  of  E1  Macho,  on  diorite  rocks,  at  a  distance  of  some  100  m  from  thè  coast, 
about  50  in  a.s.l.  Medium-sized  plants. 

4.  Between  Magdelena  and  La  Piata,  on  andesite  tufa-tufite,  on  slanting,  harren  cliff 
faces,  along  thè  clefts,  about  10  —  20  m  from  thè  coast,  about  50  —  100  m  a.s.l.  More  vividly 
shooting  plants. 

5.  About  1  km  eastward  from  thè  former  locality,  at  thè  meeting  of  diorite  and  tufa, 
about  100  in  from  thè  coast,  about  20  —  50  m  a.s.l.  This  population  is  rather  heterogeneous, 
with  columellar  to  stout  specimens. 

6.  At  a  distance  of  a  few  hundred  meters  to  thè  west  of  thè  mouth  of  Rio  La  Piata, 
on  andesite  tufa-tufite,  at  about  50  m  a.s.l.  The  plants  growing  there  are  of  thè  largest  stature, 
elongated  columellar  (one  old  plant  is  38  cm  high  and  13  cm  in  diameter).  This  population  is 
probably  identical  with  Riiia’s  Melocactus  labelled  OL-21,  of  a  high  stature. 

7.  To  thè  east  of  La  Piata,  on  a  diorite  vein,  about  50  m  a.s.l.  Elongated,  globose  plants 
with  extremely  robust  bristles. 

8.  Between  Cuevas  del  Turquino  and  Potrerillo.  on  diorite,  at  about  30  —  50  m  a.s.l. 
The  plants  are  of  small  stature,  growing  in  thè  half  shade  of  trees  and  shrubs,  apparently 
thè  easternmost  locality  of  thè  species.  Eastwards  to  Santiago  de  Cuba  (that  is,  along  thè 
great  continuous  block  of  thè  Sierra  Maestra)  no  more  Melocactus  occurence  was  found. 

An  interesting  datum  should  be  mentioned  here.  In  one  of  thè  localities 
mentioned,  in  site  5,  Gy.  Radocz  observed  among  thè  characteristic  forms  of 
Melocactus  nagyii  some  specimens  of  a  strikingly  different  stature.  He  even 
collected  two  of  them.  These  are  very  stender,  columellar  plants  with  fine 
bristles;  unfortunately,  at  that  time  none  of  them  had  a  cephalium  as  yet. 
Presumably  there  lives  in  thè  higher  regions  of  thè  Sierra  Maestra,  above  thè 
habitat  belt  of  M.  nagyii ,  also  another  distinct  species,  and  Radocz  acciden- 
tally  collected  exemplars  of  this  species.  However,  to  clarify  this  question 
would  be  a  task  very  difficult  to  accomplish  technically. 

Between  Santiago  de  Cuba  and  thè  Bay  of  Guantànamo,  thè  Sierra 
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Maestra  is  a  contiguous  block  with  a  name  of  its  own:  Sierra  de  la  Gran  Piedra. 
We  have  data  on  Melocacti  from  two  parts  of  thè  block.  In  thè  western  end 
of  thè  area,  between  Siboney  and  E1  Morro  (nearer  to  Siboney),  we  saw  Melo- 
cacti  on  thè  perpendicular  cliff  walls.  Lack  of  time  and  technical  conditions 
prevented  us  from  collecting  specimens,  and  to  adjudge  specificity  by  binocu- 
lars  would,  especially  in  this  case,  have  been  unfeasible.  In  thè  eastern  end 
of  thè  block,  in  thè  valley  of  Rio  Sigua,  another  Melocactus  population  occurs, 
labelled  OL — 17  by  Riha;  he  considersit  a  variety  of  M.  harlowii .  I  was  unable 
to  visit  this  site,  but  E.  Nagy  collected  a  few  specimens  in  June,  1975,  around 
thè  mouth  of  Rio  Sigua,  on  thè  Coastal  limestone  terraces.  These  specimens 
seem  to  confirm  Riha’s  assumptions.  The  Melocacti  growing  in  thè  area  of  thè 
Sierra  de  la  Gran  Piedra  require  further  study. 

Around  thè  Bay  of  Guantànamo  and  to  thè  east  of  it,  there  live  distinct 
Melocactus  populations  representing  morphologically  and  geographically  dis¬ 
tinct  species  relegable  to  M.  harlowii  agg.  Britton  and  Rose  described  M. 
harlowii  from  thè  coast  of  Guantànamo.  This  area  is  not  accessible  owing  to 
military  reasons.  East  of  thè  bay  to  Imias,  thè  Melocactus  species  are  closely 
related  to  M.  harlowii.  Among  them,  thè  population  growing  mainly  on  thè 
first  Coastal  limestone  terrace  (Surgidero  de  Macambo)  between  Imias  and 
San  Antonio  del  Sur  corresponds  most  to  Britton  and  Rose’s  originai  descrip- 
tion.  Assuming  this  as  thè  lectotype  of  thè  species,  thè  individuata  collected 
there  serve  as  a  basis  for  thè  redescription. 

To  thè  west  from  thè  Bay  of  Guantànamo,  in  a  direction  towards  thè 
south-west  from  Caimanera,  Melocactus  evae  sp.  nova  grows  on  a  gravel-con- 
glomerate  field.  A  special  feature  of  this  relatively  small-sized  species  is  that 
it  has  thè  largest  flower  (thè  diameter  of  thè  full-blown  flower  is  22 — 25  mm) 
of  all  of  its  Cubanese  congeners. 

To  thè  east  of  thè  Bay,  on  thè  eastern  side  of  thè  Rio  Yateras,  from  thè 
village  of  Tortuguilla  to  about  thè  line  of  Baitiquiri,  Melocactus  borhidii  sp. 
nova  grows  near  thè  coast.  This  slender  columellar  Melocactus  species  occurs 
in  large  numbers  on  thè  barren  rocks  of  thè  first,  second,  and  sporadically  on 
thè  third,  limestone  terrace. 

To  thè  east  of  thè  line  of  Imias  and  in  a  long  narrow  strip  up  to  thè 
eastern  end  of  thè  island,  grows  Melocactus  acunai  Leon.  This  large  and  rather 
varying  species  was  described  by  Leon  from  thè  area  of  Punta  Maisi,  thè 
eastern  end  of  Cuba.  The  species  is  not  particular  to  substrate,  occurring  almost 
everywhere  within  its  range,  in  sites  without  a  closed  vegetation.  We  found 
a  population  also  in  a  half-shaded  area:  large-sized  acunai  specimens  grew 
among  trees  and  shrubs  on  magmatic  rock  (diorite-porphyry)  immediately 
near  Cajobabo.  Within  thè  range  of  thè  species,  thè  variety  with  yellow  bristles, 
var .  flavispinus  var.  nova,  grows  on  limestone  terraces  on  thè  two  sides  of  thè 
mouth  of  Rio  Tacre. 
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To  N  —  NW  of  Caj obabo,  on  thè  western  side  of  thè  Rio  Joj o  (N  -  NW  from 
thè  Laguna  de  Jojo),  ssp.  lagunaensis  ssp.  nova,  a  morphologically  well  dis- 
tinguishable  subspecies  of  M.  acuirai ,  grows  on  locai  serpentine  extrusions. 

To  thè  north  of  thè  long,  narrow  east-western  zone  of  range  of  thè  former 
species,  Melocactus  radoczii  sp.  nova  grows  on  serpentine  rocks  in  thè  area 
of  Sierra  Purial.  This  small-sized  species  with  fine  spines  grows  in  colonies 
scattered  in  a  relatively  small  area,  around  thè  valley  of  Rio  Jauco,  to  thè 
north  of  La  Tinta,  and  in  thè  environs  of  Guajimero.  Its  probable  northern 
confines  is  thè  valley  of  Rio  Yumuri,  and  to  thè  west  thè  block  of  Loma 
La  Farola. 


Description  of  new  laxa 
Melocactus  jakusii  Mészàros  sp.  nova 

Globose  by  coluinellar,  widest  in  its  lower  third.  Always  occurring  singly, 
even  old  plants  not  ramifying.  About  as  high  as  or  slightly  higher  than  wide. 
Diameter  9 — 12.5  cm,  height  10 — 14  cm  (without  cephalium).  11 — 13  angulate 
ribs  with  6 — 7  areoles  per  10  cm. 

Bristles  robust,  rigid,  somewhat  sparse,  brownish  corneous,  young 
bristles  vivid  reddish  brown,  apically  slightly  darker;  1 — 2  centrai  bristles 
porrect  or  slightly  upcurving,  about  2 — 2.5  cm  long,  with  8 — 10  radiai  bristles 
about  1 — 2.5  cm  long,  lowermost  one  longest,  uppermost  ones  shortest. 

Cephalium  depressed,  discoidal,  1.5 — 3.5  cm  high,  4 — 5  cm  wide.  Cepha- 
lium  bristles  pale  reddish  brown,  soft,  entangled,  projecting  about  6 — 10  mm 
from  a  greyish  white  lanuginosity. 

Flower  deep  purplish,  10 — 11  mm  wide,  protruding  from  thè  short  cepha¬ 
lium  bristles.  Stigma  5 — 6-lobulate,  hardly  paler  than  petals.  Fruit  unknown. 
Seeds  black,  shiny,  submuricate. 

Type:  on  serpentine  rocks,  SW  slopes  of  thè  Sierra  Cerro  Galano,  E  of 
Holguin,  NW  Oriente,  Cuba.  Leg.:  Z.  Mészàros  and  P.  Jakus,  March,  1975. 

Dedicated  to  its  discoverer,  Peter  Jakus,  member  of  thè  Hungarian 
geologist  expedition. 

Caulis  subgloboso-ovatus,  in  parte  tertia  inferiore  latissimus,  semper  simplex,  nun- 
quam  ramificatus,  latitudine  aequilongus  vel  panilo  longior,  10—14  cm  altus  (sine  cephalio), 
in  diam.  9  —  12.5.  Costae  11  —  13  angulatae  emergentes,  areolae  1.4  — 1.6  cm  longe  distantes 
(6  —  7  areolae  per  10  cm).  Spinae  robustae,  rigidae,  subfusco-corneae,  juveniles  rufescentes  vel 
castaneae,  apice  obscuriores,  centrales  1  —  2,  rectae  vel  paullo  sursum  curvatae,  2  —  2.5  cm 
longeae,  radiales  8  —  10,  1—2.5  cm  longae,  infima  longissima,  supremae  brevissimae.  Cepha¬ 
lium  depressum  discoideum,  1.5  —  3.5  cm  altu,  in  diam.  4  —  5  cm.  Setulae  cephalii  gilvo-ferru- 
gineae,  molliter  curvatae,  6  —  10  mm  longe  exsertae.  Flores  obscure-purpurei,  10—11  mm  in 
diam.,  e  setulis  cephalii  exserti.  Stylus  apice  5  —  6  lobulatus  sepalis  vix  muricata. 

Typus:  Cuba,  Provincia  Oriente,  Sierra  Cerro  Galano,  in  declivibus  aridis  serpentinosis, 
meridionali-occidentalibus  pr.  opp.  Holguin.  Leg.:  Z.  Mészàros  et  P.  Jakus,  March  1975. 
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Melocactus  borhidii  Mészàros  sp.  nova 

Slender,  columellar,  diameter  of  fully  grown  specimen  6 — 8  cm.  Generally 
15 — 20  cm  high,  but  some  old  individuai  even  22 — 29  cm  high  (without 
cephalium);  11 — 12  sharp,  protruding,  rather  narrow  ribs.  Old  individuai  som- 
times  apically  proliferating,  sprouts  globose,  slightly  elongated,  3 — 6  in  number, 
Bristles  relatively  acicular,  flexible.  Radiai  and  centrai  bristles  liardly  dif- 
ferentiated,  2 — 4  centrai  bristles  20 — 25  mm  long,  10 — 15  (or  less)  radiai 
bristles  10 — 15  cm  long.  Bristles  as  a  whole  slightly  upcurving,  whitish  come- 
ous,  their  tips  reddish,  fresh  bristles  entirely  reddish.  Distance  between  areoles 
smaller  than  1  cm;  11 — 14  areoles  per  10  cm;  5 — 8  rows  of  areolae  below 
cephalium  of  fully  grown  plants  whitish,  lanuginose. 

Cephalium  slightly  flattened,  cylindrical,  2.5 — 3.5  cm  high,  3 — 4.5  cm 
wide.  Bristles  of  cephalium  porrect,  rigid,  thin,  aciculate,  vivid  fox-red  and 
protruding  about  10 — 12  mm  from  thè  white  lanuginosity. 

Flower  small,  open  blossom  shorter  than  bristles  of  cephalium,  some- 
times  just  reaching  their  length;  7 — 9  mm  wide.  Petals  deep  pinkish  pur- 
pureous,  stamen  and  5 — 6-lobulate  stigma  pale  pink.  Fruit  obovate,  8 — 9  mm 
thick,  17 — 19  mm  long.  Seeds  dark-brown,  globose,  shiny,  slightly  muricate. 

Type:  at  10 — 20  m  height  above  sea  level  near  coast,  on  thè  second  and 
third  limestone  terraces  on  thè  outskirts  of  Tortuguilla,  E  of  thè  mouth  of 
Rio  Yateras,  on  thè  southern  side  of  thè  Sierra  Purial,  coast  of  thè  Province 
Oriente,  Cuba.  Leg.:  Z.  Mészàros  and  E.  Nagy,  January,  1975. 

Dedicated  to  Attila  Borhidi,  Hungarian  botanist  working  in  Cuba. 


Caulis  columnaris  elongatus,  cylindricus  (in  statu  bene  evoluto),  7  8  cm  crassus  et 

15  —  20  longus,  rare  usque  ad  22  —  30  cm  altus,  apice  rare  ramigerus,  rami  3  —  6  globosi,  sub¬ 
globosi  v.  brevissime  ovati.  Costae  caulinares  11  —  12.  Spinae  aciculares,  tenues,  flexuosae, 
radiales  10—15,  usque  ad  10  —  15  mm  longae,  centrales  2  —  4,  usque  ad  20  —  25  mm  longae, 
leviter  sursum  curvatae,  albo-corneae,  apice  purpurascentes,  novellae  per  totam  longitudinem 
roseae.  Areoleae  dense  dispositae,  0.7  —  0.9  cm  longe  distantes  (11  — 14  areoleae  per  10  cm), 
superiores  in  5  — 8  lineis  (sub  cephalio)  dense  albolanatae.  Cephalium  leviter  depressum  discoi- 
deum,  2.5  —  3.5  cm  longum,  in  diam.  3  —  4.5.  Setulae  cephalii  rectae,  rigidae,  tenuiter  aciculi- 
formes,  rubiginosae,  ex  lana  cephalii  10  —  12  mm  longe  exsertae.  Flores  parvi,  7  —  9  mm  in 
diam.,  in  statu  aperto  setulis  cephalii  breviores.  Petala  obscure  roseo-purpurea,  antherae  et 
Stylus  apice  5  —  6  lobulatus  pallude  roseae.  Fructus  obovatus,  roseo-albicans,  17  — 19  mm 
longus  et  8  —  9  mm  crassus.  Semina  suborbicularia,  lucida,  fusca,  leviter  muricata. 

Typus:  Cuba,  Provincia  Oriente.  In  saxosis  calcareis  litoralibus,  in  orientein  de  bucca 
rivi  Yateras,  pr.  pag.  Tortuguilla,  supra  scalam  secundam  et  terciteram,  in  altitudine  10  —  20  in 
s.m.  Leg.:  Z.  Mészàros  et  E.  Nagy,  January  1975. 


Melocactus  evae  Mészàros  sp.  nova 

Slender,  columellar,  of  small  stature,  diameter  of  fully-grown  plant 
6 — 8  ( — 9)  cm,  height  (without  cephalium)  8 — 12  cm.  Old  specimens  occasion- 
ally  ramifying,  reaching  a  height  of  18 — 20  cm.  13  sharp,  protruding  ribs. 
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Distance  between  areolae  about  1  cm;  about  9 — 12  areolae  per  10  cm;  upper 
areolae  slightly  lanuginose.  Bristles  relatively  acicular,  flexible,  corneous, 
apical  two-thirds  of  young  bristles  brownish.  1 — 3  centrai  bristles  25 — 30  cm 
long,  12 — 14  radiai  bristles  10 — 20  mm  long. 

Cephalium  slightly  flattened,  2.5 — 3  cm  high,  4 — 5  cm  wide.  Bristles 
of  cephalium  pale  brown,  sparsely  spaced  and  protruding  about  4 — 6  mm  from 
yellowish-white  lanuginosity. 

Flower  large,  20 — 25  mm  wide,  deep  pink.  Petals  in  several  rows,  ex- 
ternal  ones  recurving.  Style  5-lobulate,  slightly  lighter  pinkish.  Fruit  obovate, 
18 — 20  mm  long  and  9 — 11  mm  thick,  deep  pink,  lighter  basad.  Seeds  black, 
muricate. 

Type:  on  gravel  conglomeration  SW  of  Caimanera,  on  thè  western  side 
of  Guantànamo  Bay,  Province  Oriente.  Leg.:  E.  Nagy,  Aprii,  1975. 

I  dedicate  this  slender,  large-flowered  Melocactus  species  to  my  wife, 
without  whose  assistence  this  study  could  not  have  been  accomplished. 


Caulis  columnaris  elongatus,  statura  parva,  6  —  8  (  —  9)  cm  crassus,  8  —  12  cm  longus, 
sine  cephalio.  In  statu  evoluto  raro  ramificatus,  usque  ad  18  —  20  cm  longus.  Costae  13,  acutae, 
exstantes.  Distantia  areolarum  ferme  1  cm,  9  12  areolae  per  10  cm,  superiores  paruinper 

lanatae.  Spinae  aciculares,  relative  tenues,  flexuosae,  coloris  cornei,  novellae  in  parte  superiore 
subfuscae.  Centrales  1  —  3,  25  —  30  mm  longae,  radiales  12  —  14,  long.  10  —  20  mm.  Cephalium 
leviter  depressum,  2.5  —  3  cm  altum,  4  —  5  cm  crassum.  Setulae  cephalii  luride  subfuscae.  longe 
distantes,  e  lana  helochroleuca  4  —  6  mm  longe  exstantes.  Flores  magni,  diam.  22  —  25  mm, 
obscure  rosei.  Petala  in  pluribus  ordinibus  collocata,  externa  reflexa.  Stylus  5  lobulatus,  sub- 
roseus.  Fructus  obovatus,  18  —  20  mm  longus,  9 — 11  m  crassus,  obscure  roseus,  inferne  albicans. 
Semina  nigra,  muricata. 

Typus:  Cuba,  Provincia  Oriente,  in  regione  occidentali  sinus  Guantanemensis,  prope 
Caimanera.  in  conglomerato  giareoso.  Leg.:  E.  Nagy,  Aprii,  1975. 


Melocactus  radoczii  Mészàros  sp.  nova 

Barrel-shaped,  of  relatively  small  stature,  widest  medially.  Diameter  of 
fully-grown  plant  9 — 12  cm,  height  11 — 13  cm  (without  cephalium).  Old  plants 
frequently  ramifying,  branches  often  as  high  as  20  cm.  Ten  angular  protruding 
ribs;  densely  areolated,  11 — 12  areoles  per  10  cm. 

Bristles  finely  acicular,  as  a  whole  upcurving,  yellow,  young  bristles  fox- 
red.  3 — 4  centrai  bristles  20 — 25  mm  long,  14 — 16  radiai  bristles  10 — 25mm 
long. 

Cephalium  depressed,  discoidal,  3  cm  high,  4.5 — 5.5  wide.  Bristles  of 
cephalium  vivid  fox-red,  in  a  regular  pattern,  protruding  from  yellowish-white 
lanuginosity  to  a  length  of  6 — 8  mm. 

Flower  10 — 12  mm  wide,  intense  pink;  stamous  and  6-lobulate  style 
lighter  pink.  Fruit  obovate,  14 — 21  mm  long  and  7 — 10  mm  wide,  deep  pink, 
basally  sometimes  lighter.  Seeds  black,  heavily  muricated. 
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Type:  on  serpentine  rocks  on  thè  outskirts  of  Guajimero,  north  of  La 
Tinta,  Sierra  de  Baracoa,  Province  Oriente.  Leg.:  Z.  Mészaros  and  Gy. 
Radócz,  May,  1975. 

Dedicated  to  Gyula  Radócz,  member  of  thè  Hungarian  geologist  expedi- 

tion. 


Caulis  relative  parvus,  dolio  similis,  in  parte  media  latissimus.  Diameter  in  statu  evo¬ 
luto  9  —  12  cm,  altitudo  sine  cephalio  11  —  13  cm.  Caules  Veterea  saepe  ramificati  et  usque  ad 
20  cm  longi.  Costae  10,  acutae,  exstantes,  dense  areolatae,  per  10  cm  11  —  12  areolas,  Spinae 
aciculares,  leviter  sursum  curvatae,  subflavae,  novellae  rufae.  Centrales  3  —  4.  long.  20  — 
25  mm,  radiales  14—16,  long.  10  25  mm.  Cephalium  depressum,  discoideum,  alt.  2.5  —  3  cm, 

diam.  4.5  —  5.5  cm.  Setulae  cephalii  acriter  rufae,  ordinatae,  e  lana  helvola  6—8  mm  longe 
erectae.  Flores  parvi,  10 — 12  mm  in  diam.,  intense  rosae,  antherae  et  Stylus  apice  5  —  6  lobu- 
jatus  pallide  roseae.  Fructus  obovatus,  obscure  roseus,  long.  14  21  mm,  diam.  7 — 10  mm, 

jnferne  nonnunquam  albicans.  Semina  nigra,  manifeste  muricata. 

Typus:  Cuba,  Provincia  Oriente,  Sierra  de  Baracoa,  in  septemtriones  a  La  Tinta? 
circum  vicum  Guajimero,  in  saxis  serpentinosis.  Leg.:  Z.  Mészaros  et  Gy.  Radócz,  May,  1975. 


Melocactus  nagyii  Mészaros  sp.  nova 

Globose,  slightly  elongated,  fully-grown  specimen  10 — 16  cm  wide,  12 — 
18  cm  high  (without  cephalium).  10 — 12  acuto-angulose,  emergent,  mostly 
straightly  decurrent  ribs,  sometimes  slightly  curved.  Mature  plants  sometimes 
apically  ramifying,  shoots  globose,  4 — 7  in  number.  Distances  between  areolae 
rather  varying,  7 — 12  areolae  per  10  cm;  bristles  robust,  subulate,  9 — 15  in 
number.  Radiai  and  centrai  bristles  hardly  differentiated,  3 — 4  centrai  spines 
25 — 38  mm  long,  radiai  ones  15 — 30  mm  long.  Bristles  yellowish  or  brownish 
corneous,  fresh  spines  more  brownish. 

Cephalium  cylindrical,  slightly  higher  than  wide  (4.5 — 6.5  cm  high, 
4.5 — 6  cm  wide).  Cephalium  of  old  plants  often  elongated.  Bristles  arcuate, 
soft,  pale  brownish,  protruding  about  5 — 8  mm  from  yellowish-white  lanugi- 
nosity. 

Flower  emergents  from  bristles  of  cephalium,  open  blossom  projecting 
over  bristles.  Petals  pinkish  purpureous,  stamens  and  5 — 6-lobulate  stigma 
pale  pink.  Diameter  of  fully  open  flower  14 — 16  mm.  Fruit  elongated  obovate, 
20 — 22  mm  long  and  5 — 6  mm  wide,  deep  rosaceous,  basally  white.  Seeds 
black,  heavily  muricate. 

Type:  near  thè  coast  between  La  Mota  and  E1  Macio,  on  thè  steep 
southern  rock  walls  of  thè  Sierra  Maestra,  southern  coast  of  Cuba.  Leg.: 
Z.  Mészaros  and  E.  Nagy,  January,  1975. 

Dedicated  to  its  discoverer,  Elemér  Nagy,  head  of  thè  Hungarian  ge¬ 
ologist  expedition. 

Caulis  globosus,  leviter  oblongatus,  diam.  10  —  16  cm,  sine  cephalio  12  — 18  cm  altus 
(in  statu  perfecte  evoluto),  costae  10  —  12  cm,  acutangulosae,  emergentes,  plerumque  rectae, 
rariter  leviter  cuvatae.  Caulis  apice  raro  ramosus,  rami  4  —  7  globosi.  Areolae  varie  distantes. 
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7  —  12  areolae  per  10  cm.  Spinae  9  —  15  robustae,  subulatae,  fiavido-  vel  subfusco-comeae, 
novae  brunnescentes,  radiales  centralibus  paullo  differentes,  radiales  15  —  30  min  largae,  cen- 
trales  3  —  4,  25  —  38  mm  longae.  Cephalium  cylindricum  latitudine  paullo  longius  (4.5  — 6.5  cm 
longum,  4.5  —  6  cm  latum).  Setulae  cephalii  cuvatae,  molles,  e  lana  lutescenti  5  —  8  mm  longe 
exsertae.  Flos  apertus,  12  — 14  mm  in  diarn.,  setulos  cephalii  parum  superans,  petala  roseo- 
purpurea,  antherae  et  Stylus  5  —  6  lobulatus  pallide  roseae.  Fructus  lineari-obovatus,  20  mm 
longus  et  5  min  latus,  intense  roseus,  inferne  albicans.  Semina  nigra  suborbicularia,  manifeste 
muricata. 

Typus:  Cuba.  Provincia  Oriente.  In  rupibus  vulcanici  litoralibus  decliviuin  meridiona- 
lium  montium  Sierra  Maestra,  inter  pag.  La  Mota  et  E1  Macio,  10  20  m  supra  mare.  Leg.: 

Z.  Mészaros  et  E.  Nagy,  January,  1975. 


Melocactus  acunai  Leon  ssp.  lagunaensis  Mészaros  ssp.  nova 

Robust,  columellar,  ramifying,  branches  of  old  plant  occasionally  again 
ramifying.  Entire  plant  11 — 13  cm  wide,  13 — 16  cm  high  (without  cephalium). 
10 — 11  angulate,  emergent  ribs,  6 — 7  areolae  per  10  cm.  Multiply  ramifying 
old  plants  even  40 — 55  cm  high  and  20 — 22  cm  wide.  Bristles  not  differing 
from  those  of  ssp.  acunai.  Cephalium  cylindrical,  elongated  in  old  plants,  as 
high  as  15  cm  and  as  wide  as  7.5  cm.  Bristles  of  cephalium  soft,  disarranged, 
reddish-brown  or  pale  brown,  protruding  some  5 — 8  mm  from  greyish-white 
lanuginosity. 

Flower  pale  pink.  8 — 10  mm  wide.  Stigma  6 — 8-lobulate,  light  pink. 
Fruit  short,  wide,  obovate,  8 — 9  mm  thick,  12 — 14  mm  long,  deep  pink, 
basally  whitish.  Seeds  dark  brown,  slightly  muricate. 

Type:  on  locai  serpentine  extrusions  on  thè  NW  side  of  thè  Laguna  de 
Jojo,  NW  of  Cajobabo,  in  thè  area  of  Sierra  de  Purial,  Province  Oriente,  Cuba. 
Leg.:  Z.  Mészaros  and  P.  Jakus,  March,  1975. 

Caulis  robustus  columellaris,  saepe  ramificatus,  rami  in  statu  evoluto  non  raro  iterum 
ramificati.  Caulis  in  diam.  11  —  13  cm,  13  —  16  cm  longus  (sine  cephalio).  Costae  10—11  emer- 
gentes,  angulateae,  areolae  6  7  per  10  cm.  Caules  evoluti  pluries  ramificati  usque  ad  40  — 

55  cm  longi  et  20  —  22  cm  in  diam.  Spinae  uti  apud  ssp.  acunai.  Cephalium  cylindricum,  elon- 
gatum,  long,  maxima  15  cm,  diam.  7.5  cm.  Setulae  cephalii  molles,  irregulariter  dispositae, 
ferrugineae  vel  pallide  subfuscae,  e  lana  albida  5  —  8  mm  exsertae.  Flos  pallide  roseus,  8  — 
10  mm  in  diam.,  Stylus  6  —  8  lobulatus,  gilvo  roseus.  Fructus  brevis,  late  obovatus,  8  —  9  mm 
crassus,  12  —  14  mm  longus,  intense  roseus,  inferne  albicans.  Semina  fusca,  submuricata. 

Typus:  Cuba,  Provincia  Oriente.  Sierra  de  Purial,  in  regione  boreo-occidentale,  in  clivo 
Lagunae  de  Jojo  serpentinoso.  Leg.:  Z.  Mészaros  et  P.  Jakus,  March,  1975. 


Melocactus  acunai  Leon  var.  flavispinus  Mészaros  var.  nova 

Bristles  entirely  dark  yellow,  or  dark  yellow  and  basally  brown. 

The  variety  grows  within  thè  range  of  thè  nominate  form,  on  thè  Coastal 
limestone  rocks  around  thè  mouth  of  Rio  Tacre. 

Spinae  aut  per  totam  longitudinem  flavae,  aut  in  parte  superiore  flavae,  inferiore  sub¬ 
fuscae.  Haec  varietas  habitat  intra  territorium  subspeciei  nominalis,  in  saxis  calcareis  litora¬ 
libus,  apud  buccam  rivi  Tacre. 
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Melocactus  harlowii  Britton  et  Rose  (redescription) 

Globose,  slightly  elongated,  fully-grown  specimen  11 — 16  cm  wide, 
11 — 18  cm  high  (without  cephalium).  10 — 12  angular,  emergent,  straightly 
decurrent  ribs.  Old  plants  rarely  ramifying.  Areolae  more  than  1  cm  apart 
8 — 10  areolae  per  10  cm.  Bristles  thick,  acicular,  about  1  mm  thick,  corneous; 
fresh  bristles  reddish  brown,  apically  darker.  Radiai  and  centrai  bristles  hardly 
differentiated,  2 — 4  centrai  bristles  30 — 38  mm  long,  8 — 10  ( — 12)  radiai  ones 
15 — 28  mm  long.  Cephalium  discoid,  depresso-globose;  shorter  than  wide 
(2 — 2.5  cm  high,  3 — 5  cm  wide);  sometimes  cephalium  of  very  old  specimens 
elongated.  Bristles  of  cephalium  rigid,  straight,  protruding  from  greyish-white 
lanuginosity  to  about  10  mm,  reddish  brown  or  dark  brown. 

Flower  protruding  from  bristles  of  cephalium,  fully  open  blossom  pro- 
jecting  over  bristles.  Petals  deep  pinkish  purple,  stigma  5 — 7-lobulate,  pale 
rosaceous.  Diameter  of  fully  open  flower  10 — 12  mm.  Fruit  obovate,  9 — 11  mm 
thick,  20 — 22  mm  long;  deep  pinkish  purple  (f.  harloivii)  or  bright  white 
(f.  candida).  Seeds  black,  weakly  muricate. 

Lectotype:  immediately  on  thè  coast  at  a  height  of  4 — 5  m,  on  thè  sur- 
face  of  thè  first  limestone  terrace,  in  thè  area  of  Surgidero  de  Macambo  (be- 
tween  San  Antonio  del  Sur  and  Imias),  southern  coast  of  Province  Oriente 
Cuba. 

Leg.:  Z.  Mészaros  and  E.  Nagy,  January,  1975. 
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Fig.  2.  Melocactus  matanzanus  Leon 


Fig.  3.  Melocactus  matanzanus  Leon 
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Fig.  4.  Melocactus  guitartii  Leon 


Fig.  5.  Melocactus  guitartii  Leon 
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Fig.  6.  Melocactus  jakusii  Mészàros  sp.  nova 


Fig.  7.  Melocactus  harloivii  Britton  et  Rose 
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Fig.  8.  Melocactus  harlowii  Britton  et  Rose 


Fig.  9.  Melocactus  harlowii  Britton  et  Rose  f.  candida 
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Fig.  11.  Melocactus  borhidii  Mészàros  sp.  nova 
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Fig.  10.  Melocactus  borhidii  Mészàros  sp.  nova 
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Fig.  12.  Melocactus  evae  Mészàros  sp.  nova 


Fig.  13.  Melocactus  radoczii  Mészàros  sp.  nova 


10 
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Fig.  14.  Melocactus  acunai  Leon  ssp.  lagunaensis  Mészàros  ssp.  nova 


Fig.  15.  Melocactus  nagyii  Mészàros  sp.  nova 
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SOME  RESULTS  OF  THE  RESEARCHES  OF  CLUJ 
CONCERNING  THE  NUTRITION  OF  ALGAE 

By 

I.  PÉTERFI,  F.  NaGY-TÓTH,  and  A.  BARNA 

INSTITUTE  OF  PLANT  PHYSIOLOGY,  BABE§-BOLYAI  UNIVERSITY,  CLUJ-NAPOCA,  ROMANIA 
(Received  September  10,  1975) 


A  chronological  review  of  thè  more  iinportant  researches  concerning  thè  nutri- 
tion  of  algae,  made  at  thè  University  of  Cluj,  shows  that  they  became  more  and  more 
advanced. 

These  studies  contributed  to  thè  explanation  of  thè  role  of  simple  (Cu,  Zn,  Fe, 
Ba„  Sr,  NH4,  K,  Mg,  Ca,  Na,  Li;  S03,  S04,  C03,  I,  Cr04,  HP04,  N02,  N03,  Cl,  Br)  and 
complex  (nitrato-borates,  phosphato-borates,  nitrato-phosphates,  nitrato-cobalts)  anor- 
ganic  nutrients  and  of  thè  organic  ones  (glucides,  amino-acids,  alcohols,  synthetic  and  en- 
dogenous  IAA  extracted  from  various  plants,  gibberelline,  ascorbic  acid,  degranol,  mera- 
pid)  upon  thè  growth  and  development  in  pure  static  and  intensive  cultures  of  different 
alga  species  and  strains  (Chlorella  pyrenoidosa ,  Coccomyxa  dispar ,  Schizochlamys  gelati- 
nosa ,  Scenedesmus  acutus ,  Se.  acutiformis ,  Se.  obtusiusculus ,  Se.  quadricauda ,  Se.  quadri¬ 
spina ,  Oocystis  pusilla ,  Stichococcus  exiguus ,  St.  mirabilis ,  St.  bacillaris ,  Gloeotila  proto¬ 
genita,  Pseudopleurococcus  printzii ,  Microthamnion  kiitzingianum ,  Stigeoclonium  varia¬ 
bile ',  Tribonema  ulotrichoides )  from  Transylvania. 

The  action  of  thè  substances  studied  with  algae  and  thè  nutritive  medium  was  in 
connection  with  simple  media  (Benecke,  two  types,  Knop  —  Pringsheim,  Witsch)  or 
more  complete  ones  (Knop  —  Pringsheim  —  Felfoldy,  Tamiya  “urea  EH”  and  “ni- 
trate  A”,  Tamiya  modified  by  us),  and  has  allowed  thè  selection  of  some  sensitive  strain- 
biotests  —  suitable  for  thè  demonstration  of  different  substances  and  for  massive 
cultures  —  as  well  as  to  prove  thè  possibility  of  using  some  residuai  waters  for  thè 
cultivation  of  algae. 

In  thè  pure  cultures  of  algae,  thè  work  dune  by  Professor  I.  Grintzesco 
(1902,  1903,  1930)  made  an  important  contribution.  His  first  monographic 
papers  on  thè  algae  Scenedesmus  acutus  (1902)  and  Chlorella  vulgaris ,  studied 
in  pure  cultures,  became  classics  in  algology.  The  experimental  algology  in 
Cluj  has  arisen  from  thè  activity  of  this  scientist. 

Based  on  pure  cultures,  I.  Grintzesco  and  his  co-worker  Péterfi  have 
minutely  studied  thè  genus  Stichococcus  (1932),  isolating  and  comparing  thè 
action  of  different  nutritive  media  and  finally  identifying  and  describing 
several  species  from  Transylvania. 

The  study  in  pure  cultures  of  some  species  of  Stichococcus  ( St.  exiguus , 
St.  mirabilis )  and  Gloeotila  (G.  protogenita) ,  in  synthetical  Solutions  of  differ¬ 
ent  pH,  proved  that  thè  tolerance  limits  of  these  algae  are  very  large  (pH 
3.6 — 9.6).  They  are  euryionic,  but  their  maximum  growth  is  found  between 
pH  6 — 7.  In  thè  acid  media,  Stichococcus  shows  a  more  evident  growth  than 
Gloeotila.  In  media  with  pH  6.0 — 8.0  thè  developed  cells  are  shorter  (Fig.  1) 
(Péterfi,  1939). 
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The  variation  of  these  green  filamentous  algae  in  relation  with  nutritive 
media  was  also  studied  (Péterfi,  1947).  The  action  of  anorganic  ions  is  differ- 
ent  concerning  thè  thallus  growth,  colony  structure,  celi  growth  and  division. 
According  to  their  action  on  celi  division,  thè  anorganic  ions  may  be  divided 
into  two  large  groups: 

a)  ions  stimulating  celi  division:  Cl,  S04,  N03,  K,  Na; 

b)  inhibiting  ions  which  stop  celi  division:  S03,  Fe,  Li,  Sr. 


Fig.  1.  Thalii  of  Stichococcus  mirabilis  grown  on  media  with  pH  3.65  (1  -  fo.  filata .)  6.00  (2), 
6.91  (3).  7.78  (4  —  fo.  coccoidea)  and  9.60  (5) 


The  pH  of  thè  nutritive  media  and  thè  ions,  respectively,  influence  thè 
thallus  morphology  and  structure  by  regulating  thè  inhibition  degree  of  celi 
wall  biocolloids  and  thè  cohesion  of  thè  daughter  cells.  In  tliis  way,  unicellular 
thalii  (fo.  coccoidea)  arise  under  thè  influence  of  Na  and  K  ions  in  acid  media, 
and  pluricellular  filamentous  thalii  (fo.  filata)  under  thè  influence  of  Ca  ions 
in  neutral  and  in  thè  weakest  alkaline  media  (Fig.  1).  The  recent  Works  pub- 
lished  by  Soeder  and  Thiele  (1967)  and  by  Iwasa  and  Murakami  (1968;1969) 
about  thè  autosporulation  of  Chlorella  and  Chlamydomonas  agree  with  these 
conclusions  formulated  35  years  ago. 

A  monographic  study  was  devoted  to  thè  species  Microthamnion  kiitzin - 
gianum ,  cultivated  on  different  nutritive  media  under  various  light  conditions 
(Péterfi,  1933;  1937;  Grintzesco  —  Péterfi,  1936).  In  these  researches  thè 
sexual  reproduction  of  alga  was  discovered  and  its  reproductive  cycle  was  estab- 
lished  (1933).  The  action  of  nutritive  medium  composition  and  concentration  was 
also  noted  (1937),  as  well  as  thè  effect  of  different  microelements  (1936)  on  its 
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growth  and  development.  This  alga  shows  different  shapes  according  to  medium 
firmness  (liquid  or  solid),  reaction  (acid,  neutral  or  alkaline  pH)  and  composi- 
tion  (sources  and  concentrations  of  nutrients).  On  firm  media  thè  thalli  are 
grouped  in  colonies,  thè  vegetative  growth  is  obvious  and  thè  cells  tend  to 
have  an  isodiametrical  shape.  Development  limits  vary  between  pH  3.2 — 8.8, 
but  thè  optimum  growth  is  found  at  pH  5.0 — 6.0  (Fig.  2). 


Fig.  2.  Growth  of  Microthamnion  kiìtzingianum  depending  of  thè  complete  Benecke  medium 
pH  (1),  free  of  Ca  (2),  or  supplemented  with  H.,S04,  or  NaOH,  respectively  (3) 

Microthamnion  kiìtzingianum  can  use  minerai  and  organic  nitrogen 
(Fig.  3)  as  well  as  several  organic  substances  (glucides,  organic  acids,  glycerine) 
which  activate  its  growth. 

The  cations  and  anions  were  added  to  some  nutritive  media  in  equi- 
molecular  quantities  (M/40 — M/25)  which,  following  thè  numerous  experi- 
ments,  proved  to  be  optimum  for  this  species.  It  was  established  that  thè 
cations  and  anions  —  depending  on  their  effects  upon  thè  alga  —  can  be 
placed  in  thè  following  toxicity  liotrop  series: 

Cations:  Cu  Zn  Fe  Ba  Sr  NH,;  K  Mg  Ca  Na 

Anions:  S03  C03  I;  Cr04  HPO*  N02  CI  Br  N03  S04 

Sodium  chloride  added  to  nutritive  Solutions  enhanced  thè  growth  of  Micro¬ 
thamnion  kiìtzingianum.  The  range  of  optimum  growth  is  between  0.97 — 
2.92  g/1. 
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The  nutrition  problems  were  more  deeply  studied  in  thè  researches  con- 
cerning  thè  action  of  some  microelements  (Grintzesco  —  Péterfi  1936,  Péterfi, 
1937).  By  means  of  pure  Microthamnion  cultures,  thè  effect  of  Mn,  Zn,  and  F 
(1936),  and  of  Li,  Cu,  B,  Al  and  Co  (1937),  respectively,  was  biotested.  It  was 


Fig.  3.  Effect  of  different  N  sources  upon  thè  growth  of  Microthamnion  kiitzingianum ; 
Benecke  medium  with  KN03  (1),  KN02  (2),  NH4N03  (3),  (NH4)2HP04  (4),  (NH4)2S04  (5), 
NH4-oxalate  M/40  (6),  and  M/160  (7),  NH4-tartarate  (8),  asparagine  M/40  (9),  M/80  (10)  and 

M/160  (11),  and  peptone  (12) 


found  that  very  high  dilutions  of  these  elements  favour  thè  growth  and  repro¬ 
duction  of  thè  species.  The  optimum  concentration  for  MnCL,  was  of  0.0001  gl 
for  ZnCl2  it  varied  between  0.0001 — 0.00001  g/1,  and  for  NaF  between  0.01 — 
0.001  g/1.  The  yield  increase  under  thè  influence  of  MnCl2  was  of  150%,  of 
ZnCl2  50%  and  of  NaF  100%.  Thus  in  experimental  conditions,  Zn  was  more 
toxic  than  F. 

These  results,  published  30  years  ago,  represent  a  significant  experimental 
performance  even  in  thè  light  of  thè  recent  advances  regarding  thè  action  of 
microelements  (cf.  Dear  —  Aronoff,  1968). 
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The  action  of  certain  complex  anorganic  salts  was  thoroughly  studied 
by  olir  group.  Experiments  were  made  on  effect  of  borato-phosphate  (Péterfi 
et  al.,  1958),  nitrato-phosphate  (Péterfi  et  al.,  1962),  and  nitrato-cobalt 
(Péterfi  et  al.,  1961;  1964;  1973),  on  static  and  intensive  cultures  of  Cocco - 
myxa  dispar ,  Scenedesmus  quadrispina ,  Se.  acutiformis  and  Stigeoclonium 
variabile.  The  results  showed  that  thè  growth  of  these  algae  was  stronger  in  thè 
presence  of  complex  salts  than  in  their  Chemical  simple  equivalents.  For 
Coccomyxa  and  Stigeoclonium ,  thè  optimum  concentration  of  borato-phosphate 
and  nitrato-phosphate  varied  around  0.05%.  The  growth  and  development 
difference  depend  also  on  thè  relation  of  thè  complex  elements.  Thus,  in  thè 
case  of  borato-phosphate  complex,  at  thè  relation  1  B  :  1  P,  thè  increase  was 
198%  in  comparison  with  thè  control  in  Benecke  solution;  in  thè  relation 
1  B  :  4  P  it  was  388%.  In  thè  case  of  thè  nitrato-phosphate  complex,  at  thè 
proportion  1  N  :  1  P,  thè  increase  was  390%,  and  at  thè  proportion  1  N  :  5  P 
it  was  428%. 

The  chlorine-pentamine-cobalt-chloride  (Co(NH3)5C1)C12)  and  thè  nitrate- 
hexamine-cobalt  (Co(NH3)6)(N03)3)  complex  also  stimulated  thè  growth  of  thè 
algae  studied;  this  latter  salt  proved  to  be  better  and  Scenedesmus  quadrispina 
reacted  to  it  more  sensitively  (Fig.  4). 

Nitrate-hexamine-cobalt  was  also  used  under  intensive  cultivation  condi- 
tions  with  Scenedesmus  acutiformis.  It  was  showed  (Péterfi  et  al.  1973)  that 
thè  optimum  concentration  is  0.001  mg%,  but  that  thè  favourable  action  is 
more  moderate  under  intensive  conditions  than  in  static  runs  (Fig.  5).  This 
may  be  due  not  only  to  thè  much  more  favourable  nutritive  conditions  but 
probably  to  thè  season  periodicity  of  algae.  It  was  found  that  in  Stigeoclonium 
thè  action  of  complex  salts  is  faster  in  summer  and  slower  in  autumn;  in  Scene¬ 
desmus  acutiformis ,  on  thè  other  hand,  thè  optimum  growth  was  recorded 
during  thè  spring  and  late  autumn  months  (Péterfi  —  Nagy-TÓth,  1972). 

The  fact  that  thè  complex  salts  have  a  markedly  higher  favourable  action 
than  thè  similar  simple  salts  proves  that  they  are  absorbed,  probably  as  mole- 
cules  or  as  complex  ions,  and  thus  they  enhance  thè  metabolism  and  therefore 
thè  multiplication  of  algae. 

These  results  may  be  important  for  thè  use  of  some  preparations  where 
thè  nutritive  substances  should  be  combined  in  different  optimum  proportions, 
balanced  for  massive  cultures;  they  are  also  important  in  view  of  thè  use  of 
some  contaminating  residues. 

The  high  tolerance  of  algae  towards  thè  quality  and  quantity  of  thè 
substances,  as  well  as  their  capacity  of  concentrating  ions  from  more  diluted 
media  —  found  also  in  thè  experiments  mentioned  —  demonstrate  that  these 
organisms  are  suitable  for  water  decontamination  with  radionuclides.  In  this 
line  of  study,  thè  accumulation  of  90Sr  and  l34Cs  by  Scenedesmus  acutus  was 
successfully  experimented  (Péterfi  et  al.,  1966)  (Fig.  6). 
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The  researches  on  thè  action  of  some  organic  substances,  physiologically 
ative  upon  thè  algae,  are  of  interest  for  biotesting  and  for  productivity  stimu- 
lation.  It  was  showed  that  IAA  stimulates  thè  multiplication  through  zoo- 

E  % 


E  % 


Fig.  4 „  Effect  of  complex  (A,  B)  and  simple  (a,  b)  salts  upon  thè  growth  of  Coccomyxa  dispar 
(I)  and  Scenedesmus  quadrispina  (II)  in  static  cultures 


gonidia  and  gametes,  as  well  as  celi  division  and  growth  of  thè  pure  cultures 
od  Microthamnion  kiitzingianum  and  Pseudopleurococcus  printzii ;  its  action  is 
more  favourable  in  an  alkaline  than  in  an  acidic  medium  (Péterfi,  1946). 
In  thè  case  of  static  pure  cultures  of  Scenedesmus  quadrispina ,  thè  effect  of 
synthetic  IAA  was  much  more  reduced  (142%)  than  that  of  thè  endogenous 
substances  extracted  from  corn  (Csanàd  117  and  Fleischmann  481),  vernalized 
and  non- vernalized  (180 — 351%).  The  gibberellic  acid,  added  to  thè  Benecke 
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days 

Fig.  5.  Effect  of  nitrate-liexamine-cobalt  complex  in  siinple  (Knop  —  Pringsheim)  and 
complete  (Knop  —  Pringsheim  —  Felfòldy)  nutritive  Solutions  on  thè  intensive  cultures 

of  Scenedesmus  acutiformis 
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nutritive  medium  in  concentrations  of  1.0 — 10.0  mg%,  stimulated  thè  multi- 
plication  of  Scenedesmus  quadrispina ,  Coccomyxa  dispar  and  Stigeoclonium 
variabile.  The  most  sensitive  was  Se.  quadrispina  (Péterfi  Nagy-Tóth,  1963). 
In  Oocystis  pusilla ,  Scenedesmus  quadricauda  and  Microthamnion  kiitzingianum , 
thè  ascorbic  acid,  in  suitable  concentrations  (10 — 50  mg%),  also  stimulated 
celi  division,  but  did  not  influence  thè  lengthwise  growth  of  cells.  The  increase 
of  cellular  biomass  was  3 — 15  times  higher  than  that  of  thè  Controls  (Péterfi, 


Fig.  6.  Accumulatioii  of  9oSr  by  Scenedesmus  acutus  from  Solutions  of  0.0345  jud  (a)  and 
of  0.06909  //Ci  (c),  and  its  concentration  variation  in  Solutions  non-inoculated  with  algae  (b,  d). 

,34Cs  was  not  accuinulated  (e) 

1948).  Among  thè  cytostatic  substances,  degranol  and  inerapid  were  bio- 
tested.  In  a  concentration  of  1.0  mg%,  degranol  hinders  thè  growth  and 
multiplication  of  Stigeoclonium  variabile ,  but  Coccomyxa  dispar  grows  also  at 
100  mg%  (Péterfi  et  al.,  1959).  Merapid,  added  to  Benecke  solution  in  con¬ 
centrations  of  1000 — 10  m  g%’  inhibits  tbe  multiplication  of  tliese  two  species, 
but  in  smaller  concentrations  it  stimulates  this  process  (Péterfi—  Brugo- 
vitzky,  1965). 

These  experimental  investigations,  confronted  with  reference  biblio- 
graphical  data,  have  suggested  some  theoretical  generalizations  about  thè  role 
of  algae  in  thè  treatment  of  polluted  water  (Péterfi  et  al.,  1972),  their  use 
as  biotests  (Péterfi  -  Nagy-Tóth,  1973),  and  thè  principles  of  nutritive  media 
preparation  (Péterfi  — Nagy-Tóth,  1973). 

On  thè  basis  of  thè  experience  accumulated  in  our  laboratory,  thè  studies 
were  directed  toward  thè  possibilities  of  intensive  cultivation  of  algae.  There 
were  devised  and  made  some  equipments  of  thè  closed-circuit  type,  appropriate 
for  intensive  cultures  under  long  standing  sterile  conditions  (Péterfi  Nagy- 
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TÓth,  1967).  Some  elements  of  thè  methodology  used  in  our  equipment  were 
applied  by  also  other  research  workers  (thè  spraying  System  of  thè  bubbling 
gas  by  Clement,  1968;  thè  method  of  air  sterilization  by  Eichhorn,  1969). 

The  comparative  experiments  with  thè  native  species  Chlorella  pyre - 
noidosa ,  Scenedesmus  acutiformis ,  Schizochlamys  gelatinosa  and  Tribonema 
ulotrichoides  in  these  devices,  in  simpler  media  suitable  for  static  cultures 
(e.g.  Benecke)  and  in  complete  media  (Benecke  and  Knop — Pringsheim 
supplemented  with  microelements  and  soil  extract)  intended  for  intensive 
cultures,  have  shown  that  for  strains  selection  thè  Solutions  poorer  in  nutri- 
ents  —  where  thè  sensitivity  of  organisms  is  more  evident  —  are  recommended, 
while  for  biomass  yield  thè  complete  and  balanced  ones  (Péterfi— Nagy- 
TÓth,  1967/a).  The  experiments  with  Scenedesmus  acutiformis  proved  that  thè 
increased  biomass  yield  by  thè  simple  increase  of  thè  nutrient  of  a  given 
medium  is  limited  (Péterfi,  Nagy-Tóth  1967/b),  and  that  thè  reactions  of 
Scenedesmus  (Se.  acutiformis ,  Se.  acutus ,  Se.  obtusiusculus)  to  thè  complete 
nutritive  Solutions  are  different  (Péterfi  et  al.,  1967)  (Table  1).  Therefore, 
for  almost  every  species  or  alga  strains  several  alternative  combinations  must 
he  tried,  until  a  satisfactory  solution  variant  is  obtained.  The  more  complete 
factor  of  thè  nutritive  media  is  thè  soil  extract.  Added  to  thè  Tamiya  “urea 
EH”  in  a  proportion  of  1  :  9,  it  produces  thè  intensification  of  celi  multiplica- 
tion  and  consequently  an  increased  biomass,  both  in  Scenedesmus  acutiformis 
(Péterfi  et  al.,  1969)  and  in  Stichococcus  bacillaris  (Marton,  1975).  In  Knop — 
Pringsheim  and  Tamiya,  supplemented  with  soil  extract  and  applying  thè 
fractionated  sampling,  a  long  lasting  (continuous)  cultivation  of  Scenedesmus 
acutiformis ,  Se.  acutus  and  Se.  obtusiusculus  was  possible  (Péterfi  et  al.,  1969) 
(Fig.  7),  without  a  decrease  of  thè  yield.  The  “autoinhibitors”  biotesting  with 
thè  alga  itself  was  negative. 

Among  thè  studies  intended  to  find  thè  more  appropriate  conditions 
of  nutrition,  there  were  a  series  of  researches  on  thè  possibilities  of  using 
minerai  and  residuai  waters  for  thè  intensive  cultivation  of  algae.  It  was  found 
that  Tamiya  nutritive  solution  supplemented  with  soil  extract  and  diluted 
with  an  equal  volume  of  “Zizin”  minerai  water  is  an  excellent  new  nutritive 
solution  for  Scenedesmus  acutiformis  (Péterfi  -  Nagy-Tóth,  1970).  The  use  of 
thè  residuai  water  from  thè  beer  factory  in  Cluj,  in  different  combinations  with 
nutritive  Solutions  and  naturai  or  minerai  waters,  had  thè  result  of  stimulating 
thè  growth  of  Scenedesmus  acutiformis  (Péterfi  et  al.,  1974)  (Fig.  8)  and  mean- 
while  purifying  thè  residuai  water  (Barna,  1973;  1974). 

These  briefly  presented  results,  representing  thè  work  performed  over 
three  decades  lead  to  thè  conclusion  that  only  complex  studies  can  contribute 
to  thè  explanation  of  thè  complicated  physiological  processes  of  algae.  Only 
this  kind  of  investigation  will  demonstrate  that  algae  could  he  used  without 
risks  for  thè  solving  of  some  contemporary  problems. 
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Table  1 


Influence  of  medium  and  tight  conditions  upon  thè  growth  and  composilion  of  Scenedesmus 


No 

Algae1 

Nutritive  solution2 

Light,  lux3 4 * 

Cultiva¬ 

tion, 

days 

Extinetion 

Cells/nim8 

1 

Dry 

weight, 

?/1 

Total  sugar, 
%/d.  w. 

Proteins, 
%/d.  w. 

Total  sugar / 
Proteins 

a 

0.600 

75,125 

1.52 

14.20 

45.00 

0.31 

1. 

h 

Knop-Pringsheim-Felfòldy 

6500 

41 

0.503 

101,375 

1.17 

13.65 

50.18 

0.26 

c 

0.585 

111,125 

1.86 

29.10 

36.00 

0.80 

Knop-Pringsheim-Felfòldy 

11 

1.350 

146,625 

4.59 

33.90 

22.25 

1.52 

2. 

a 

Idern  +  EDTA  and  urea  instead 

of  KN03 

15 

1.580 

186,250 

5.02 

12.40 

53.12 

0.23 

Tamiya  (originai  forin) 

5000 

15 

0.835 

87,750 

2.30 

5.20 

57.19 

0.09 

TAMiYA-rnodified  -j- soil  extractl 

11 

1.590 

226,000 

5.82 

3.85 

56.43 

0.068 

Knop-Pringsheim-Felfòldy -f- 

1 

3 

a 

-f-ethanol  in  25% 

10 

1.295 

114,375 

3.90 

26.80 

20.94 

1.28 

Knop-Pringsheim-Felfòldy 

5000 

1.310 

153,125 

3.76 

35.50 

23.62 

1.50 

TAMiYA-inodified-|-“Zizin”  min¬ 

1 

1  1 

4. 

a 

erai  water 

8 

1.510 

323,875 

4.33  1 

5.10 

63.75 

0.08 

TAMiYA-rnodified 

5000 

1.230 

190,875 

3.14 

5.45 

57.50 

0.094 

5. 

a 

Knop-Pringsheim-Felfòldy 

B  —  R  -*-Y  — W1, 
W-Y-R- B 

11 

1.110 

117,250 

3.24 

25.37 

34.38 

0.73 

4000 

1.280 

122,500 

4.61 

1 

34.90 

24.19 

1.40 

5000—6400  — 

6. 

a 

TAMiYA-rnodified 

-8000  —  13,000 

n 

1.860 

250,000 

7.12 

6.20 

55.25 

0.11 

5000 

V 

1.680 

1  270,375 

5.62 

6.00 

50.00 

0.12 

TAMiYA-rnodified,  daily  refreshed 

7. 

a 

in  proportion  of  0.10 

1.470 

278,125 

3.83 

6.30 

63.12 

0.099 

Idem  in  proportion  of  0.15 

6000 

30 

1.260 

256,375 

3.28 

5.95 

62.69 

0.094 

Idem  in  proportion  of  0.20 

1.240 

215,312 

3.08 

4.80 

61.19 

0.078 

1 .  Algae:  a  Scenedesmus  acutiformis  Scliroed.,  1)  —  Se.  obtusiusculus  Chod.,  c  —  Se.  aeutus  (Meyen)  Chod. 

2.  Iti  No.  1  thè  cultivation  was  carried  out  in  vertical  columns  witli  centrai  illumination,  for  No.  2  7  parallel-piped  vessels  were  used 

3.  Length  of  light  period:  12  hours,  alternated  with  12  liours  of  dark 

4.  After  12  hours  of  dark,  1  hour  of  B  blue  light  of  400  —  600  imi  and  1400  lx  intensity;  R  red  light  of  530  —  750  nm  and  1700  lx; 

—  yellow  light  of  440  —  650  nm  and  3100  lx.  Before  thè  end  of  thè  light  period  thè  succession  was  inverse 


cn 

00 
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Fig.  7.  Variation  of  optical  density  (a)  and  of  dry  substance  (b)  in  thè  intensive  cultures 
of  Scenedesmus  acutiformis ,  daily  refreshed  in  proportion  of  0.10  (1),  0.15  (2)  and  0.20  (3) 


Modified  Tamiya  (control) 


days 


„Zizin"  1:1 


Fig.  8.  Growth  of  Scenedesmus  acutiformis  intensive  cultures  in  media  prepared  with  residuai 

water  from  thè  beer  factory 
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BIOCLIMATIC  STUDIES  IN  THE  ULUGURU 
MOUNTAINS  (TANZANIA,  EAST  AFRICA) 

II.  CORRELATIONS  BETWEEN  OROGRAPHY,  CLIMATE  AND  YEGETATION 

By 
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The  first  paper  of  this  series  discusseti  thè  microclimatic  conditions  in  several 
naturai  and  secondary  ecosystems  (Pócs,  1974:  115  — 135). 

The  present  paper  is  an  attempt  to  find  correlations  between  thè  orography  and 
thè  climatic  conditions,  and  between  thè  climatic  conditions  and  thè  distribution  of 
different  vegetation  types  in  thè  Uluguru  Mountains,  by  thè  aids  of  vegetation  tarnsects 
and  of  Gaussen — Walter  diagrams;  and  finally  to  establish  thè  altitudinal  zonation 
there. 


Introduction 

To  obtain  useful  information  concerning  thè  climatic  conditions  which 
determine  thè  vegetation  boundaries  in  thè  Uluguru  Mountains,  I  studied 
thè  available  data  of  different  sources  (East  African  Met.  Dept.  1964,  1971  and 
Jackson,  1970).  A  sketchy  rainfall  map  of  thè  Ruvu  basin  was  drawn  by 
Jackson,  and  a  more  detailed  one  of  thè  Uluguru  Mountains  by  thè  author 
(1.  c.  and  Pócs,  1976/a).  Jackson  went  in  details  of  thè  probability  of  rainfall, 
while  thè  author  analysed  thè  duration  of  thè  dry  season  in  thè  mountains, 
both  factor  being  important  for  crop  production. 

Although  there  are  more  than  30  rainfall  recording  stations,  mainly  at 
lower  elevations  of  thè  mountains,  only  two  of  them  measured  systematically 
also  temperature,  and  one,  thè  Morogoro  Agricultural  Office,  where  it  is  being 
recorded  since  long  (for  more  than  50  years). 

The  rainfall  distribution  itself  seemed  to  me  insufficient  to  explain  thè 
great  diversity  of  vegetation  types.  The  very  variable  relief  combined  with 
thè  effect  of  thè  eastern  rain  carrying  winds  produced  a  very  interesting, 
complicated  asymmetric  pattern  in  thè  distribution  of  vegetational  elements 
and  also  in  thè  agricultural  potential  of  thè  area. 

Therefore  I  attempted  to  find  an  indirect  method  to  obtain  temperature 
data  for  thè  mountains  and  to  construct  this  way  Gaussen — Walter  dia¬ 
grams  for  all  Uluguru  rain  gauge  stations.  These  diagrams  proved  to  be  very 
useful  in  thè  climatological  interpretation  of  thè  vegetation. 
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Methods 

For  thè  composition  of  diagrams,  thè  temperature  values  were  estimateci  by  extrapola- 
tion  from  thè  data  available  for  Tanzania,  from  a  total  of  35  stations.  “If  thè  height  of  a  loca¬ 
tion  is  known,  its  temperature  may  be  calculated  with  a  probable  error  of  only  2°  Fahrenheit” 
(East  Afr.  Met.  Dept.  1959).  This  is  by  far  not  so  simple.  Moreau  (1935),  analysing  thè  chinate 
of  thè  Usambara  Mountains,  has  found  different  gradients  in  thè  eastern  and  in  thè  western 


Fig.  1.  Variation  in  absolute  minimum  temperature  with  height  in  Tanzania  (left).  Variation 
in  rnean  annual  temperature  with  height  (right).  A:  Stations  located  in  thè  dry  forest  and  in 
woodland  zones.  B:  in  thè  inesophilous,  and  C:  in  thè  rain  forest  zones.  (Values  of  lake  and 

centrai  plateau  stations  frained) 


parts,  and  established  that  “thè  Usambara  Mountain  temperatures  are  exceptionally  low  for 
their  altitude  and  in  particular  lower  than  those  for  Kenya  at  corresponding  altitudes”. 
Kenworthy  (1966)  also  pointed  out  when  he  analysed  thè  temperature  gradients  against  thè 
altitude  in  tropical  East  Africa.  He  found  that  thè  obtained  data  show  often  a  deviation  of 
2  — 3°C  from  thè  average,  and  that  thè  thermal  gradient  in  thè  drier  West  Kenya  is  less  than 
in  thè  more  cloudy  eastern  part  of  thè  Kenyan  Highland. 

When  1  analysed  thè  temperature  data  of  Tanzania,  I  found  an  interesting  connection  , 
between  thè  values  of  temperature  and  thè  vegetation  zone  from  where  thè  data  were  obtained. 
The  main  temperature  at  thè  same  altitude  above  thè  sea  level  shows  a  graduai  decrease  from 
thè  grassland  and  semidesert  thicket,  through  thè  woodland,  dry  forest  and  closed  forest  zones, 
to  thè  rain  forest  belts.  If  we  represent  thè  therinic  gradients  for  thè  different  vegetation  zones 
by  different  curves,  we  can  diminish  thè  error  of  this  method  from  an  interval  of  2  —  4  to 
0.5  —  1  centigrades  among  limited  conditions  (see  thè  Figs  1,  2,  3).  The  method  could  be  applied 
to  calculate  thè  main  annual  temperature,  thè  main  temperature  of  thè  warmest  and  that  of 
thè  coldest  month  and,  with  some  restrictions,  to  obtain  thè  absolute  minimum  temperatures. 
The  method  was  not  accurate  enough  for  stations  in  thè  centre  of  thè  East  African  Plateau 
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and  near  Lake  Victoria.  In  both  cases  thè  values,  especially  thè  coldest  month’s  temperature 
and  thè  absolute  minima,  are  higher  than  expected  owing  to  thè  plateau  heating  effect  (see 
Kenworthy,  1.  c.)  and  to  thè  water  mass  of  thè  Lake. 

One  more  interesting  fact  appeared  from  thè  data:  thè  warmest  time  of  thè  year  falls 
at  a  inuch  earlier  date  in  thè  interior  of  thè  continent,  and  follows  gradually  later  seawards. 
In  Tanzania  thè  warmest  month  varies  from  September  to  February  or  March  (see  Fig.  4). 


Fig.  2.  Variation  in  mean  temperature  of 
coldest  month  with  altitude  in  Tanzania 


Fig.  3.  Variation  in  mean  temperature  of 
warmest  month  with  altitude  in  Tanzania 


Discussion 

By  thè  aid  of  thè  obtained  temperature  data  for  thè  rain  stations, 
Gaussen — Walter  diagrams  were  drawn  in  an  attempt  to  find  thè  climatic 
factors  which  determine  thè  existence  of  different  vegetation  types  and  which 
delimit  their  boundaries.  The  following  transects  show  parallelly  thè  relief, 
climatic  elements  and  vegetation  types  in  thè  northern  and  in  thè  southern 
half  of  thè  Uluguru  Mountains  (Fig.  7).  The  location  of  thè  rain  measuring 
stations  for  which  Gaussen — Walter  diagrams  were  drawn,  and  thè  lines 
along  which  thè  vegetation  transects  were  figured,  are  shown  in  Fig.  5,  com- 
pared  with  thè  precipitation  map  of  thè  Ulugurus  (Fig.  6,  originai,  published 
also  in  Pócs,  1976/a).  Finally,  for  thè  better  interpretation,  and  for  comparison, 
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an  other  selection  of  diagrams  was  made  from  different  parts  and  vegetation 
zones  of  thè  country  (Fig.  8). 

From  thè  transects  shown  and  from  thè  vegetation  map  of  thè  Ulugurus 
(Pócs,  1975),  several  interesting  facts  can  he  drawn  and  some  problems  ex- 
tracted: 


Fig.  4.  The  warmest  monili  of  thè  year  in  Tanzania 


1.  The  eastern  slopes  exposed  to  rain-carrying  winds,  and  thè  lee  side 
of  thè  mountains  show  a  very  asymmetric  pattern  of  vegetational  distribution. 
On  thè  one  hand,  thè  vegetation  zones  descend  deeper  on  thè  eastern  than  on 
thè  western  side,  on  thè  other  hand,  there  are  plant  communities  which  domi¬ 
nate  thè  eastern,  and  others  which  better  developed  on  thè  western,  slopes. 
On  thè  eastern  slopes,  there  is  practically  no  dry  season,  therefore,  in  naturai 
circumstances  thè  evergreen  forests  descend  to  thè  foothills.  On  thè  western 
side,  thè  naturai  boundary  of  evergreen  forests  lies  much  higher,  and  thè  sub- 


Acta  Botanica  Academìae  Scientiarum  Hungaricae  22 ,  1976 


BIOCLIMATIC  STUDIES  IN  THE  ULUGURU  MOUNTAINS 


167 


Acta  Botanica  Acadeniiae  Scientiarum  Hungaricae  22,  1976 


168 


PÓCS,  T. 


montane  forests,  which  dominate  thè  eastern  slopes  are  substituted  by  dry 
forests  and  by  deciduous  woodland.  This  is  thè  situation  everywhere  in  thè 
mountains  where  thè  dry  season  is  longer  than  1.5  months.  Therefore  thè  rem- 
nants  of  evergreen  forests  are  good  indicators  of  a  climate  practically  without 
dry  seasons. 


Fig.  6.  Mean  annual  rainfall  map  of  thè  Uluguru  Mountains 


2.  There  is  no  climatic  evidence  of  thè  presence  of  a  naturai  treeless 
vegetation  in  thè  mountains.  Most  probably  all  savannalike  plant  communities 
and  a  great  part  of  thè  woodland  area  are  derivates  of  dry  semievergreen  or 
of  dry  deciduous  forests,  for  which  thè  duration  of  a  2 — 6  months  long  dry 
season  with  800 — 1300  mm  annual  rainfall  cannot  he  an  excluding  factor.  Only 
where  thè  duration  of  thè  dry  season  is  longer  than  half  a  year,  does  there 
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develop  a  naturai  wooded  Acacia  grassland  (savanna),  north-  and  westwards 
from  thè  Ulugurus.  The  presence  of  relic  forest  patches  (Wingfield,  1975; 
Pócs,  1975)  in  thè  concerned  zones  on  thè  western  slopes  underlines  this  fact. 
The  valley  grasslands  are  also  not  climatic  communities  (see  Vesey-Fitz- 
GERALD,  1970). 

3.  A  naturai  upper  limit  of  high  forests  exists  in  thè  Uluguru  Mountains. 
This  lies  in  thè  more  Oceanie  and  more  isolated  northern  part  at  ahout  2100  m 
while  in  thè  southern  half  of  thè  mountains  at  about  2450  m  altitude,  where 
thè  forest  gives  place  to  either  dwarf  elfin  woodland  (Pócs,  1974)  or  to  bamboo 
thickets  or  (on  tha  Lukwangule  Plateau)  to  subalpine  spring  bogs  and  moor- 
lands,  although  a  great  part  of  thè  grassland  on  thè  Plateau  is  secondary 
(Pócs,  1976/a).  I  consider  this  forest  line  in  thè  Ulugurus  in  most  cases  a  climatic 
one.  As  it  is  shown  in  thè  graph,  thè  absolute  minimum  can  fall  well  below 
zero  at  this  altitude.  Among  other  conditions,  like  on  Mt.  Kilimanjaro,  thè 
frost  line  and  thè  forest  line  He  mudi  higher,  between  2600  and  3250  m  respec- 
tively  (see  Hedberg,  1951:  165,  186).  No  doubt,  thè  frost  at  thè  altitudes  of 
Uluguru  Mts.  is  stili  not  a  diurnal  phenomenon,  but  I  observed  obvious  frost 
phenomena  seriously  damaging  thè  montane  forest  vegetation,  especially  thè 
tree  ferns,  as  low  as  at  1800  m  altitude  !  (See  Fig.  13).  The  elfin  woodland  and 
lieath  vegetation  can  occur  below  thè  upper  limit  of  high  forests,  but  this  is 
usually  thè  result  of  special  circumstances,  as  severe  soil  conditions,  or  very 
strong  winds  (Baynton,  1969,  telescoping  effect  of  Van  Steenis,  1972), 
similarly  to  thè  appearence  of  subalpine  Pinus  mugho  scrub  at  low  altitudes 
in  thè  Central  European  Mountains  (“Gipfelphenomàn”).  The  elfin  forests  of 
thè  Uluguru  Mountains  are  analogues  of  that  of  Indomalaysia  and  in  many 
aspects  similar  to  thè  giant  heath  (subalpine  Erica  arborea  forest)  of  Mt. 
Kilimanjaro. 

4.  “Mossy”  types  of  forests  and  woodlands  develop  at  very  different 
altitudes  (from  800  up  to  2500  metres)  in  thè  Ulugurus,  due  to  continuous 
cloud  formation.  These  mist-effected  woodlands  or  forests  covered  by  very 
large  amount  of  epiphytic  bryophytes  and  lichens  are  good  indicators  of  thè 
continuous  high  air  humdity. 

These  mossy  forests  and  woodlands  play  a  “buffering”  role  in  thè  water 
balance  (Pócs,  1976/b).  Often,  due  to  thè  turbulence  of  winds,  thè  most  humid 
mossy  forests  are  on  thè  lee  side  of  sharp  ridges,  and  summits,  where  thè 
uppermost  part  remains  drier  than  thè  slopes  below. 

5.  The  presence  or  absence  of  thè  giant  African  bamboo  ( Arundinaria 
alpina)  cannot  be  interpreted  merely  by  thè  actual  climatic  conditions. 
Althought  it  descends  in  thè  Ulugurus  to  thè  lowest  point  in  East  Africa 
(Mgeta  valley  at  1630  m  altitude),  its  occurrence  represents  a  disjunct  pattern 
with  very  isolated  patches.  This  fact  suggests  a  possible  retreat  of  thè  species 
here.  The  only  locality  in  thè  northern  part  is  thè  very  steep  eastern  face  of 
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Mondo  (1120  m) 

[-11]  -1914°  2077.9  mm 


a) 

Fig.  7.  Vegetation  transects  through  thè  Uluguru  Mountains.  The  upper  one  is  made  through 
thè  northern  part,  thè  lower  one  through  thè  southern  part.  The  Gaussen  —  Walter  climatic 
diagrams  bear  thè  same  Nos,  as  in  thè  map  of  Fig.  5;  dwl:  dry  woodland,  smf:  submontane 
forest,  mtf:  montane  forest,  msf:  montane  mossy  forest,  ew:  elfin  woodland,  lrf:  lowland  rain 
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b) 


forest,  rv:  rock  vegetation,  dgl:  dry  grasslands  replacing  woodlands,  wgl:  wet  grasslands 
replacing  forests,  rvf:  rivenne  forest,  hmg:  high  montane  short  grassland  replacing  elfin  wood- 
land,  Sph:  Sphagnum  bog,  mb:  occurrence  of  montane  bamboo  (The  horizontal— vertical  ratio 

of  thè  transect  is  1  :  5.) 
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thè  Magari  peak  between  2150  and  2250  metres.  In  thè  southern  Ulugurus, 
there  is  a  very  small  patch  of  bamboo  stand  at  thè  western  edge  of  thè  Luk- 
wangule  plateau;  there  are  very  many  tali  bamboos  in  thè  Mgeta  river  valley 
from  1630  up  to  2300  metres,  intermixed  witli  thè  trees  of  thè  montane  broad- 
leaved  forest;  finally  it  forms  pure  thickets  on  thè  2650  m  high  summit  of 
Kimhandu,  where  it  completely  substitutes  thè  elfin  woodland. 


Lake  Manga  (420  m) 

[-61  s  25,3  °  201  mm 


Kiwira  Forest  Station  (2280  m) 
T-3]  ?12,7°  3540  mm 


Mombo  (411  m)  Tango  Met.  Station  (Airport)  (35m) 

C4-11]  25,1°  611  mm  [13-19]  26.3°  1321  mm 


Fig.  8.  Selected  Gaussen  —  Walter  diagrams,  representing  different  climates  and  vegetatimi 
zones  in  Tanzania.  (When  thè  temperature  curve  was  prepared  by  thè  above  method  of  extra- 
polation.  thè  place  of  thè  number  of  years  when  temperature  should  have  been  measured  is 
empty  between  thè  brackets.)  Manga:  Semidesert.  Lowest  measured  rainfall  in  Tanzania. 
Mombo:  Dry  thicket  rich  in  succulents.  Tanga:  Semievergreen  Coastal  forest.  Kiwira  Forest 
Station:  Typical  montane  rain  forest.  Highest  measured  amount  of  rainfall  in  Tanzania. 

Mbeya:  Miombo  (  Brachystegia-Isoberlinia)  woodland.  Amani:  Submontane  rain  forest 


6.  A  wide  range  of  vegetation  communities,  and  first  of  all  most  types 
of  closed  forests  or  their  remnants,  are  climatically  induced  and  therefore  good 
indicators  of  climatic  conditions  for  Agriculture  and  for  Forestry.  On  thè  otlier 
hand,  thè  human  influence  on  thè  Ulugurus  is  quite  important.  A  series  of 
vegetation  types,  although  not  used  directly  for  agricultural  purposes,  is 
secondary  derivate  of  other  communities.  These  are,  among  others,  thè  mon¬ 
tane  grasslands,  in  some  case  thè  miombo  (Brachystegia — Isoberlinia)  wood¬ 
land,  and  in  most  cases  thè  common  slope  woodlands  ( Pterocarpus — Combre- 
tuni)  on  thè  northern,  western  and  on  thè  southerns  slopes. 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


BIOCLIMATIC  STUDIES  IN  THE  ULUGURU  MOUNTAINS 


173 


Conclusions 

The  following,  climatically  induced,  altitudinal  zonation  can  be  estab- 
lished  in  thè  Uluguru  Mountains,  see  (Fig.  9). 

A.  Low  altitude  dry  forest  and  savanna  woodland  zone.  Only  at  thè 

western  and  northern  foot  of  thè  Ulugurus,  below  600  m  altitude. 
Annual  rainfall  between  700 — 900  mm.  thè  dry  period  lasts  for 
4 — 6  months.  Main  annual  temperature  24 — 26°C.  The  whole  area 
is  densely  cultivated,  therefore  only  small  remnants  of  thè  originai 
vegetatimi  can  be  detected. 

B.  Lowland  semievergreen  rain  forest  zone  between  250 — 500  m  alti- 

tudes  at  thè  eastern  foothills  of  thè  centrai  part  of  thè  mountains. 
Annual  rainfall  1700 — 2400  mm,  no  dry  season  or  maximum 
1 — 2  month,  main  annual  temperature  24 — 25°C.  On  thè  limestone 
ground  of  a  carst  plateau,  including  thè  Kimboza  Forest  Reserve, 
thè  lowland  rain  forest  exists  even  through  a  2.5  months  long  dry 
season. 

C.  Submontane  dry  forest  and  miombo  woodland  zone.  Actually  mostly 

replaced  by  an  open  woodland  of  Pterocarya  angolensis ,  Combretum 
and  Terminalia  species,  or  by  dry  secondary  grassland.  On  thè 
eastern  foothills,  only  on  drier  slopes,  up  to  800  m  altitude.  Wide- 
spread  on  thè  western,  northern  and  southern  slopes,  as  high  up 
as  1500  m  in  thè  northern,  and  up  to  1600 — 1700  m  in  thè  southern 
Ulugurus.  With  950 — 1300  mm  annual  precipitation,  2 — 6  months 
dry  season  and  19 — 23°C  main  annual  temperature.  These  com- 
munities  suffer  thè  most  from  thè  bush  and  grass  fires. 

D.  Submontane  evergreen  and  semievergreen  forest  zone.  Contiguous 

belt  on  thè  eastern  slopes,  between  500  and  1500  metres,  except 
in  places  used  for  agriculture.  Tliey  occur  in  small  patches  also 
on  thè  western  side,  in  protected  valleys  at  thè  lower  edge  of  thè 
evergreen  forest  belt.  The  submontane  rain  forests  show  thè  opti¬ 
mum  of  forest  growth  in  East  Africa.  The  average  of  rainfall  is 
well  over  1800  mm  a  year,  usually  exceeding  2500  mm  and  in  some 
cases  higher  tlian  3000  mm,  without  being  interrupted  by  a  dry 
season.  The  main  annual  temperature  lies  between  23  and  17°C, 
at  thè  lower  and  upper  limits  of  this  zone. 

E.  Montane  evergreen  forest  zone.  It  forms  a  broad  belt  around  botli 

sides  of  thè  Mountains.  The  montane  forest  remained  in  relatively 
good  condition,  most  of  them  falling  inside  thè  protected  forest 
area.  Their  altitudinal  limits  are  1500 — 2100  m  in  thè  North  and 
1600 — 2400  m  in  thè  South.  The  annual  precipitation  varies  locally 
between  1300  and  (more  than)  3000  mm.  Especially  thè  upper  edge 
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Fig.  9a.  The  vegetatimi  zones  of  thè  Uluguru  Mountains.  Northern  part  (upper  diagram)  and 
southern  part  (lower  diagram).  The  altitudinal  zonation  of  Mt.  Kiliinanjaro  is  shown  on  thè 
right  in  thè  sanie  scale,  based  on  Hedberg  (1951:  165).  1:  Alpine  zone  2:  Subalpine  ericaceous 
shrub  zone  3:  Subalpine  moorland  and  Erica  arborea  forest  zone  4:  Subalpine  or  upper  montane 
elfin  forest  zone  5:  Bamboo  thickets  6  —  7:  Mist-effected  “mossy”  types,  and  thè  upper  limit 
of  cultivation  8:  Montane  evergreen  forest  zone  9:  Submontane  evergreen  forest  zone  10:  Low- 
land  rain  forest  zone  11:  Submontane  dry  forest  and  woodland  zone  12:  Lowland  dry  forest 

and  savanna  woodland  zone 
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Fig.  96.  Vegetation  zonation  in  some  african  mountain  areas  of  medium  altitude,  from  thè 
Continental  types  (above)  to  thè  Oceanie  ones  (below).  Explanation  of  thè  symbols  thè  same 
as  on  Fig.  9 a.  (Based  partly  on  Jackson  1956,  Mabberley  1975,  Greenway  1955,  Moreau 
1935,  Monod  1960,  Rivals  in  Knapp  1973,  partly  originai.) 
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Fig.  10.  Dry  woodland  vegetation  on  thè  NE  slope  of  Nguru  ya  Ndege  hill,  700  —  1200  m 


of  this  zone  receives  a  high  amount  of  rainfall  without  a  seasonal 
interruption,  or  even  if  short  dry  periods  occur,  they  are  com- 
pensated  by  thè  contiguous  cloud  and  mist  formation  at  this  alti- 
tude.  Mairi  annual  temperature:  12 — 17°C.  The  diurnal  change  of 
temperature  is  very  low  (when  measured,  it  was  only  4°C),  and  oc¬ 
casionai  frost  occurs. 

F.  Upper  montane  or  lower  subalpine  zone  with  elfin  woodlands,  bamboo 
thickets,  peat  bogs  and  with  secondary  grasslands,  above  altitudes 
2100 — 2400  in.  Although  thè  annual  variation  of  temperature  is 
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low,  thè  diurnal  change  becomes  much  higher  than  in  thè  high 
forest  zones,  reaching  more  than  15°C,  and  it  often  sinks  below  or 
near  zero.  The  dwarf  and  very  closed  canopy  of  thè  elfin  forest 
is  a  good  adaptation  against  thè  strong  reradiation  during  cool 
nights  when  thè  cloud  belt  usually  sinks  down  and  thè  high  suni- 
mits  of  thè  Ulugurus  remain  exposed. 


Fig.  11.  Lowland  rain  forest  on  dolomitic  marble;  carst  plateau  of  Kimboza  Forest  Reserve 
at  thè  E  foothills,  300  m  altitude  above  sea  level 


12 
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Fig.  12.  Submontane  rain  forest  on  thè  SE  slope  of  Mt.  Tumbako,  900  —  1300  in 
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Fig.  13.  Tree  ferns  damagcd  by  frost  in  thè  montane  forest  of  Mt.  Kifigo,  1800  m 


12* 
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Fig.  14.  The  north  slopes  of  Magari  peak,  covered  by  montane  forests  and  by  elfin  woodland, 

1600-2340  m 


Fig.  15.  Montane  rain  forest  near  Hululu  Falls,  south  of  Bunduki,  at  1500  m  altitude.  In 
thè  foreground  dragon  trees  (Dracaena  steudnerii) ,  in  thè  background  tree  ferns 
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Fig.  16.  Semiiiatural  grasslands  and  forest  line  on  thè  Lukvangule  Plateau  at  2450  m  alti- 
tude,  with  scattered  Agauria  salicifolia  trees.  In  thè  background  thè  highest  point  of  thè 
Ulugurus,  thè  2664  m  high  Lukwangule  peak,  can  be  seen 


Fig.  17.  Elfin  forest  at  thè  edge  of  Lukwangule  Plateau,  at  2450  m.  The  very  dense  canopy 
of  thè  dwarf  (2  —  4  m  tali)  trees  is  to  be  noticed 
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The  paper  deals  with  thè  growth  analvsis  of  two  maize  hybrids  (OSSK-218  and 
DKXL-342).  The  investigations  were  carried  out  in  maize  grown  under  factory  condi- 
tions  (Agricultural  Combine,  Bàbolna),  between  May  22  and  August  15,  1974,  from 
thè  6th  week  to  thè  16th  week  of  age.  The  weight  of  above-ground  parts  and  leaf  area 
were  measured  in  two-week  periods.  For  thè  description  of  growth  in  weight  and  of 
leaf  area,  thè  exponential  equation  was  used.  On  thè  basis  of  thè  equation,  thè  weight 
and  leaf  area  of  a  plant  were  determined  for  every  week.  In  thè  possession  of  these 
data,  thè  RGR,  NAR,  LAR,  RLGR  and  CGR  as  well  as  thè  efficiency  values  were 
estimated  for  every  week.  The  study  also  deals  with  thè  changes  in  thè  growth  charac- 
teristics  of  hybrids  mentioned  above.  The  relationships  between  thè  various  climatic 
factors  (weekly  inean  temperature,  weekly  amount  of  rainfall,  observed  weekly  total 
hours  of  thè  duration  of  sunshine)  and  thè  growth  characteristics  as  well  as  thè  cor- 
relations  between  thè  growth  characteristics  themselves  are  analyzed.  Finally,  thè 
effect  of  climatic  factors  on  thè  variability  of  thè  growth  characteristics  and  thè  influ- 
ence  of  growth  characteristics  on  RGR  variability  are  discussed. 


Growth  analysis  is  a  method  which  can  be  used  as  an  approach  in  thè 
examination  of  plant  photosynthetic  production.  The  result  of  net  assimilation 
taking  place  in  thè  plant  is  considered  as  net  production  (NP  =  NA  —  D  = 
=  (GA  —  R)  —  D;  NP  =  net  production,  NA  =  net  assimilation,  D  =  decay, 
GA  =  gross  assimilation,  R  =  respiration). 

According  to  Kvet — Ondok — Necas — Jarvis  (1971),  growth  analysis 
is  employed  in  two  directions:  (i)  examination  of  thè  relationships  between 
thè  productive  capacity  of  a  plant  genotype  and  thè  internai  factors;  (ii)  in¬ 
vestigations  of  production  and  growth  influenced  by  environmental  factors. 

The  daily  rate  of  growth  (relative  growth  rate,  RGR)  is  determined  by 
two  parameters  (if  no  special  mention  is  made  of  thè  kind  of  growth,  for 
example  of  leaf  area,  then  weight  gain  is  meant):  thè  daily  net  efficiency  of  thè 
assimilation  per  unit  of  assimilatory  surface  (net  assimilation  rate,  NAR)  and 
thè  relationship  of  thè  total  assimilatory  surface  to  thè  weight  of  thè  whole 
plant  (leaf  area  ratio,  LAR),  writes  Blackman  (1968).  Of  thè  two  parameters, 
thè  first  contains  a  physiological,  thè  second  a  morphological  meaning  (Evans 
1972).  In  thè  knowledge  of  relative  growth  rate  and  of  leaf  area  ratio,  thè  net 
assimilation  rate  can  be  assessed. 
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Relative  growth  rate  is  not  Constant  during  plant  life,  therefore,  a  good 
approximation  can  be  achieved  only  if  samples  are  taken  frequently,  in  short 
intervals  (Briggs — Kidd — West,  1920).  Since  thè  relative  growth  rate  is 
formed  by  thè  net  assimilation  rate  and  because  thè  leaf  area  ratio  and  thè 
latter  decreases  from  a  certain  time  point  of  development,  thè  net  assimilation 
rate  has  a  great  role  in  thè  formation  of  thè  relative  growth  rate. 

The  subject  of  our  study  is  thè  growth  analysis  of  two  maize  hybrids 
(OSSK-218  and  DKXL-342),  grown  in  thè  area  of  thè  Agricultural  Combine, 
Bàbolna,  in  1974. 


Material  and  method 


The  measureinents  were  made  on  indi viduals  grown  in  factory  conditions.  The  above- 
ground  plant  parts  were  considered. 

1.  Characterization  of  thè  hybrids:  OSSK-218,  Yugoslavian  hybrid;  FAO  number:  460. 
A  hybrid  permitted  to  be  marketed  in  1970.  A  two-line  hybrid  grown  from  thè  hybridization 
of  two  inbred  lines.  Its  stalk  has  a  dark-green  colour  and  medium  width.  It  has  no  offshoots. 
Its  leaf  is  dark-green.  large,  and  lanceolate.  The  tassel  is  loose  of  medium  size.  The  colour  of 
thè  anthers  is  green.  Spaced  sparsely,  is  inclined  to  have  two  cobs.  The  peduncle  of  thè  cob 
is  long,  therefore  in  ripening  thè  cob  is  abaxial.  The  cob  is  cylindrical,  thè  kernel  flattened, 
its  colour  yellow.  The  colour  of  thè  ear  is  red.  Ratio  of  kernel/ear:  84/16.  The  hybrid  is  of 
excellent  stalk  strength,  thus  it  is  suitable  for  mechanized  harvesting.  Growing  period  is 
145  — 148  days.  Medium  to  early  ripening,  at  about  thè  end  of  September.  Moderately  sensitive 
to  infection  by  strumous  smut,  fibroid  smut,  European  corn-borer  and  also  to  damages  caused 
by  them.  It  is  resistant  to  Fusarium.  The  hybrid  was  produced  in  thè  State  Farm  of  Bóly, 
in  1974. 

Dekalb  XL-342  (DKXL)  American  hybrid  maize;  FAO  number:  580.  Quality  degree: 
a  variety  permitted  to  be  marketed  in  1970.  The  three-line  hybrid  has  been  produced  by  thè 
hybridization  of  three  inbred  lines,  in  thè  USA  and  in  Italy.  Its  stalk  is  very  high  (270 
300  cm),  thick,  dark-green  and  of  large,  vivid  green  leaves,  without  offshoots.  It  develops  one 
thick  and  long  cob.  The  col)  is  at  thè  same  height  in  all  plants.  The  cob  is  cylindrical,  with 
a  medium  long  peduncle.  The  cob  is  well-covered  with  husks.  The  kernel  is  fiat  and  large, 
of  a  light-yellow  colour.  The  kernel/ear  ratio  is  84/16.  The  growth  period  is  156  —  160  days. 
The  hybrid  is  of  late  ripening  and  of  excellent  productivity.  Its  stalk  strength  is  very  good. 
Resistant  to  diseases.  Not  sensitive  to  damages  by  thè  European  corn  borer.  Optimal  plant 
density  is  46  —  50,000  plants/ha.  In  1974,  Italian-produced  seed  was  sown  in  thè  area  of  thè 
Combine. 

2.  Workshop  conditions:  in  thè  maize  area  of  thè  Combine,  thè  industry-like  production 
of  maize  takes  place  in  inonocultures. 

Since  1960.  weed-killing  has  been  carried  out  by  Chemical  control.  The  herbicides  used 
in  thè  maize  fields  from  which  thè  plants  were  gathered  in  1974  are  listed  in  Table  1,  where 
also  thè  more  important  economical  data  are  to  be  found. 

3.  The  characterization  of  soil  conditions  is  given  in  Table  2,  containing  thè  results 
of  thè  analysis  of  soil  samples  taken  on  May  22,  1974. 

4.  Climatic  conditions:  on  thè  basis  of  field  observations,  thè  cliinatic  conditions  of  thè 
vegetation  period  are  shown  in  Table  3. 

5.  Sampling:  10  or  5  plants  were  cut  at  each  sampling  (May  22,  June  5  and  19,  July  3, 
18  and  31,  August  15).  Sampling  began  on  thè  fifth  week  after  sowing,  when  thè  plants  were 
in  their  four-leaf  state.  Table  4  shows  thè  maturity  of  stands  on  July  31,  1974.  The  dry  weight 
of  thè  plant,  thè  length  of  thè  leaves  and  their  largest  width  were  measured  in  thè  laboratory. 
The  average  was  used  in  thè  calculations.  The  weight  of  thè  under  ground  plant  parts  was 
not  measured.  Neither  was  thè  stalk  width,  therefore  thè  method  suggested  by  Giovanardi 
(1972)  was  not  used  for  thè  assessment  of  thè  total  assimilatory  surface. 

6.  Calculation  of  leaf-area:  thè  equation  LA  =  (length)  x  (largest  width)  X  0.74  was  used 
for  thè  calculation  of  leaf-area  (Kemp,  1960).  The  multiplier  0.74  was  determined  on  thè  basis 
of  samples.  This  value  is  within  thè  limits  given  in  thè  literature  (Kvét—  Marshall,  1971). 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22 ,  1976 


GROWTH  ANALYSIS  OF  MAIZE  HYBRIDS 


187 


Table  1 

The  mairi  economie  data 


Symbol  of  thè  hybrid 


OSSK-218 

DKXL-342 

Place  and  number  of  field 

B  8 

Ba  15 

Years  of  monoculture 

9 

4 

Herbicide 

Oleo-Hungazin  Aktikon  PK 

Sowing  time 

Aprii  15-23 

Aprii  22  —  23 

Number  of  plants,  plant/ha 

62,000 

58,000 

Crop*  average,  q/ha 

64.6 

79.8 

*  Eared;  B  =  Bàbolna,  Ba  =  Bana 

Table  2 


Results  of  soil  analysis 
(May  22,  1974) 


Place  and  number 

pH 

Humus, 

Easily  soluble 

Total 

Carbon¬ 
io  chalk, 

% 

Arany’s 

binding 

number 

of  field 

in  water 

KCl 

yi 

% 

p2o5 

mg/100  g 

cr5_  ^ 
So 

o 

era 

N% 

B  8 

7.35 

7.20 

3.50 

6.35 

| 

22.5  1 

10.8 

0.18 

0.12 

33.8 

Ba  15 

7.60 

7.60 

1.50 

1 

5.29 

12.8 

1 

11.2 

0.19 

5.89 

39.0 

Table  3 

Meteorological  data 
(Bàbolna,  1974) 


Month 

Average 

temperature  (°C) 

Deviation  from 
thè  50  years’ 
average 

Amount  of 
precipitation 
(mm) 

Deviation  from 
thè  50  years’ 
average 

Amount  of  thè 
monthly  total 
hours  of  sunshine 

Deviation  from 
thè  50  years’ 
average 

III. 

7.7 

+2.2 

5.1 

1 

-34.9 

IV. 

11.0 

+0.5 

28.9 

-19.1 

V. 

14.6 

-1.2 

76.4 

+ 

t— * 

75* 

VI. 

17.6 

-1.8 

73.9 

+14.9 

184 

C- 

1 

VII. 

20.3 

-1.1 

36.3 

-27.7 

208 

—78 

Vili. 

22.4 

+1.8 

95.3 

+31.3 

214 

-52 

*  Data  measured  beginning  with  May  21 


7.  Description  of  thè  growth  (weight  and  leaf  area):  for  this,  thè  equation 

X,  =  X0ekt 

was  used  (Brody,  1945).  The  weight  and  leaf  area  of  a  plant  were  calculated  for  each  day 
between  thè  individuai  samplings,  by  thè  assumption  that  thè  value  of  exponent  k  does  not 
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Table  4 


Grouth  phase  of  stands 
(July  31,  1974) 


Place  and 

Tasseling 

!  Pisoliate 

Average  height  (cm) 

Symbol  for  thè  hybrid 

number  ot'  thè 
field 

flowering 

Julv  24, 

August  15, 

% 

1974 

1974 

OSSK-218 

CO 

oc 

90 

75 

180 

227 

DKXL-342 

Ba  15 

5 

= 

175 

244 

essentially  change  between  two  samplings.  On  thè  basis  of  thè  weight  and  leaf  area  values 
calculated  per  day,  thè  characteristics  used  in  thè  growth  analysis  (see  later)  were  determined 
for  every  week.  The  first  and  last  (incomplete)  weeks  were  left  out  of  considerations  (May, 
22  —  25  and  August,  11  —  15). 

8.  Characteristics  examined:  thè  method  used  here  was  taken  from  thè  works  of 
Briggs  —  Kidd  —  West  (1920),  Kvèt- Ondok  Necas- Jarvis  (1971)  and  Evans  (1972). 
The  characteristics  are  as  follows:  CGR  =  crop  growth  rate  (=  productivity.  Odum,  1971); 
RGR  =  relative  growth  rate  (=  efficiency  index.  Blackman,  1919;  cit.  in:  Kvèt  —  Ondok 
Necas—  Jarvis,  1971;  =  instantaneous  relative  growth  rate,  Brody,  1945);  RLGR  =  relative 
leaf  growth  rate;  NAR  net  assimilatimi  rate  (=  unit  leaf  rate,  Evans,  1972);  LAR  =  leaf 
area  ratio:  efficiency  =  thè  capability  of  thè  plant  to  solar  energy  conversion.  The  calcula- 
tion  of  efficiency  was  carried  out  as  follows:  weight  gain  and  increase  of  leaf  surface  per  day 
were  calculated.  The  daily  total  hours  of  thè  duration  of  sunshine  were  known  for  every  day. 
With  these  data  and  on  thè  basis  of  thè  equation 

Q  =  (0.22  f  0.52  n/I\)Q0 

thè  daily  total  arnount  of  incoming  solar  radiation  was  calculated  as  cal./cnr/day.  The  equa¬ 
tion  was  taken  from  thè  work  of  Mitsudera  —  Sarai  (1975)  and  Durand  (1974).  The  coeffi- 
cient  of  thè  equation  given  bv  Durand  hardly  differs  from  thè  values  given  in  thè  publication 
of  Mitsudera  -Sarai.  The  latter  values  agree  with  thè  average  of  thè  values  contained  in 
Table  1  of  Durand.  In  thè  above  equation,  n  =  observed  daily  total  hours  of  sunshine  dura¬ 
tion;  N  —  maximum  possible  arnount  of  thè  daily  total  hours  of  sunshine;  Q  =  daily  total 
arnount  of  solar  radiation  falling  on  a  horizontal  surface  of  thè  earth:  Q0  daily  total  arnount 
of  global  solar  radiation  outside  of  thè  atmosphere. 

Half  of  thè  Q  value  was  used  in  thè  calculation,  silice  only  about  half  of  thè  incoming 
solar  radiation  falls  on  thè  interval  which  is  converted  by  thè  plants  (PAR).  Having  these 
data,  we  calculated  thè  incoming  solar  radiation  fading  on  thè  leaf  surface  at  time  t0,  and 
thè  arnount  of  weight  gain  between  thè  points  of  time  tx  — 10  (one  day);  this  was  multiplied 
by  4.00,  which  is  an  estimation  of  thè  calory  value  of  thè  dry  matter.  Dividing  thè  value  of 
plant  growth  expressed  in  calory  by  thè  quantity  of  calory  incoming  on  thè  leaf  surface  gives 
thè  efficiency  (in  our  study,  thè  result  is  given  in  percentages). 


Results  and  evaluation 

Weight  gain 

For  thè  description  of  weight  gain,  we  used  thè  equation  mentioned 
above.  The  value  of  k  in  thè  exponent  was  calculated  by  thè  equation 

k  =  In 

(Blackman,  1919;  Fisher,  1921;  both  cit.  in:  Kvèt — Ondok — Necas — Jarvis, 
1971;  Brody,  1945),  which  is  thè  equivalent  of  BGR  estimation. 
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Table  5 

The  change  of  RGR  and  RLGR  in  OSSK-218  and  DKXL-342  hybrids 


Sampling  time 

RGR 

(g/g/dav) 

RLGR 

(cm2/cm2/day) 

OSSK 

DKXL 

OSSK 

DKXL 

1974.  V. 

22— VI.  5. 

0.0685 

0.1063 

0.0858 

0.1181 

VI. 

6— VI.  19. 

0.1385 

0.0762 

0.1120 

0.0716 

VI. 

20— VII.  3. 

0.1003 

0.1319 

0.0867 

0.1065 

VII. 

4— VII.  18. 

0.1331 

0.1164 

0.0831 

0.0775 

VII. 

19  —VII.  31. 

0.0331 

0.0338 

0.0011 

0.0175 

Vili. 

1-VIII.  15. 

0.0284 

0.0281 

-0.0027 

0.0060 

By  using  thè  RGR  =  k  values  given  in  Table  5,  we  calculated  thè  dailv 
weight  of  one  plant.  The  curves  shown  in  Fig.  1  are  drawn  on  this  basis. 
Beginning  with  thè  13th  week,  thè  drop  in  weight  gain  of  thè  hybrids  is  well 
observable.  This  is  even  more  obvious  if  thè  logarithm  of  thè  weight  is  taken. 
Our  System  was  to  consider  thè  weeks  6 — 13  as  belonging  to  one  curve,  and 
those  between  13 — 16  to  another  one.  In  thè  first  phase  thè  sixth  week  was 
taken  as  thè  first  one,  while  thè  13th  week  as  thè  eight  one;  in  thè  second  phase 
thè  13th  week  was  thè  first  and  thè  16th  week  was  thè  fourth.  The  curves  are 
shown  in  Fig.  1,  their  equations  are  given  in  Table  6.  The  regression  coefficients 

g/plant 


Fig.  1.  The  growth  rate  of  thè  hybrids  (for  explanation  see  text) 
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Table  6 


Weight  gain  of  thè  hybrids  (log  W)  as  a  function  of  tinte  (detailed  explanation 

in  text) 


Hybrid 

Phase 

Correlatimi 

coefficient 

ir) 

Regression  equation 

n 

OSSK-218 

I. 

0.996*** 

ig  wy  =  o.asos^-o^ti? 

8 

II. 

0.955* 

lg  w2  =  0.1146X, 4-1.8485 

4 

DKXL-342 

I. 

0.996*** 

lg  Wx  =  0.3295Xt— 0.7621 

8 

IL 

0.989* 

lg  W2  =  0.1084X2+1.8367 

4 

*  5%  level;  **  1%  level;  ***  0.1%  level  significant  value  (hereinafter  thè  marks  will 
be  used  with  thè  same  reference) 


calculated  for  thè  two  hybrids  do  not  differ  in  any  of  thè  phases;  in  Phase  I 
t  =  1.81,  in  Phase  II  t  =  0.24. 

Table  7  contains  thè  weights  calculated  and  measured  in  three  different 
ways.  With  thè  first  and  second  methods,  thè  observed  and  measured  values 
can  be  assessed  very  well,  while  thè  third  method  resulted  in  less  satisfactory 
estimation. 


Table  7 


Estimation  of  thè  hybrid  iveights  (g/plant) 


Sampling  time 

w0 

Hybrid:  OSSK-218 

VI.  5. 

0.49 

0.49 

0.49 

0.59 

VI.  19. 

3.47 

3.46 

3.41 

3.05 

VII.  3. 

14.13 

14.10 

13.89 

16.12 

VII.  18. 

104.00 

103.81 

102.28 

91.85  (VII.  17.) 

VII.  31. 

160.00 

159.63 

157.28 

155.70 

Hybrid:  DKXL-342 

VI.  5. 

0.91 

0.91 

0.91 

0.79 

VI.  19. 

2.64 

2.64 

2.64 

3.60 

VII.  3. 

16.74 

16.72 

16.72 

16.40 

VII.  18. 

96.00 

95.84 

95.86 

88.12  (VII.  17.) 

VII.  31: 

149.00 

148.75 

148.75 

145.20 

W0  =  observed  weight;  Wel  =  W0ekt,  calculated  on  thè  basis  of  t  =  tx  —  t0 ;  We2  = 
=  W0ekt  calculated  on  thè  basis  of  t  =  1  day;  We3  is  calculated  on  thè  basis  of  thè  equations 
given  in  Table  6 
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Leaf  area  growth  rate 

In  thè  description  of  thè  leaf  area  growth  rate  our  System  was  similar 
to  that  used  in  weight  gain  description.  The  RLGR  values  are  giveninTable  5. 
The  curves  drawn  on  thè  basis  of  leaf  areas  calculated  for  days  are  shown  in 
Fig.  2.  By  drawing  thè  logarithm  of  thè  leaf  area,  thè  break  on  thè  13th  week 
in  thè  weight  gain  mentioned  above  is  observable  also  here,  therefore  we  give 
two  equations  (Table  8).  It  can  be  seen  that  in  thè  case  of  OSSK  thè  value  of  r 
is  not  significant  in  thè  second  phase.  The  regression  coefficients  do  not  differ 
in  any  of  thè  phases  of  thè  hybrids  (Phase  I:  t  =  1.42;  Phase  II:  t  —  0.78). 


A 

cm2/plant 


Fig.  2.  The  leaf  area  growth  of  thè  hybrids  (see  text) 
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Table  8 


Grou'lh  of  thè  leaf  area  of  thè  hybrìds  (log  A)  as  a  funetion  of  time 


Hybrid 

Phase  | 

Correlation 

coefficient 

(0 

Regression  equation 

n 

OSSK-218 

I 

0.998*** 

lg  A,  =  0.2856X,  +  1.4548 

8 

II 

,  0.550 

lgA2  =  O.OllOXj  +  3.6925 

4 

DKXL-342 

I 

0.998*** 

lg  A,  -  0.2727X,  +  1.5229 

8 

II 

0.956** 

lg  At  =  0.0506X2  +  3.6465 

4 

The  leaf  area  values  measured  and  estiinated  in  three  different  ways  are 
given  in  Table  9.  The  values  obtained  on  thè  basis  of  equations  involving 
logarithms  differ  very  much  from  thè  observed  values  in  thè  case  of  botb 
hybrids. 

Table  9 


Estimativa  of  thè  leaf  area  of  thè  hybrids  (erri1 /plani) 


Sampling  time 

w0 

^  «2 

^f3* 

Hybrid:  OSSK-218 

VI.  5. 

95.32 

95.33 

95.31 

106.20 

VI.  19. 

457.28 

457.33 

457.33 

395.50 

VII.  3. 

1538.5 

1539.5 

1539.1 

1473.8 

VII.  18. 

5350.7 

5354.5 

5353.3 

5023.0  (VII.  17) 

VII.  31. 

5429.3 

5431.6 

5430.4 

5284.0 

Hybrid:  DKXL-342 

VI.  5. 

134.54 

134.58 

134.60 

117.07 

VI.  19. 

366.40 

366.70 

366.70 

395.50 

VII.  3. 

1627.20 

1628.80 

1628.80 

1473.80 

VII.  18. 

5204.50 

5208.90 

5208.70 

5023.00  (VII.  17) 

VII.  31. 

6536.30 

6539.50 

6539.40 

5284.00 

References  as  in  Table  7 


A  strong  positive  correlation  exists  between  thè  logarithm  of  weight  (W) 
and  that  of  leaf  area  (A);  see  Fig.  3  (OSSK:  r  =  0.992***,  lg  A  =  0.7225 
lg  W  +  2.2293;  DKXL:  r  =  0.988***.  lg  A  =  0.7731  lg  W  +  2.1793). 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


GROWTH  ANALYSIS  OF  MAIZE  HYBRIDS 


193 


IgA 


Fig.  3.  Correlation  between  thè  logarithm  of  weight  and  of  leaf  area 
Growth  characteristics 

a)  The  weekly  change  in  thè  crop  growth  rate  is  of  an  identical  tendency 
in  hybrids  up  to  thè  14th  week  (Fig.  4).  On  thè  15th  and  lótli  weeks  thè  produc- 
tivity  of  DKXL  rises,  while  that  of  OSSK  drops,  yet  to  a  smaller  extent  than 
on  thè  14th  week.  From  thè  12th  week,  OSSK  productivity  surpasses  DKXL 
productivity.  However,  on  thè  16th  week  thè  productivity  of  thè  two  hybrids 
shows  very  dose  values.  The  maximum  productivity  on  thè  13th  week  is  identi¬ 
cal  in  thè  hybrids. 


b)  Figure  5  shows  thè  weekly  changes  in  thè  relative  growth  rate  of  thè 
hybrids.  Until  thè  12th  week,  thè  RGR  of  thè  hybrids  changes  contrarily, 
then  it  decreases  in  both  of  them.  The  greatest  decrease  occurs  on  thè  13th 


13 
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Fig.  5.  Weekly  RGR  changes  in  thè  hybrids 


week  turning  into  thè  14th  week.  During  weeks  14 — 16,  thè  RGR  of  thè  two 
hybrids  is  about  identica!. 

c)  The  relative  leaf  growth  rate  (RLGR)  is  of  a  declining  tendency 
already  from  thè  lOth  week  in  thè  hybrids  (Fig.  6).  Until  thè  lOth  week,  thè 
RLGR  changes  oppositely  in  them.  From  thè  llth  week  to  thè  14th  week 
almost  identical  values  emerge.  The  greatest  drop  occurs  also  with  this  charac- 
teristic  on  thè  turn  of  week  13  to  14.  The  relative  leaf  growth  rate  of  OSSK 
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Fig.  6.  Weekly  RLGR  changes  in  thè  hybrids 
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becomes  negative  on  thè  15th  and  16th  weeks,  that  is  a  reduction  arises  instead 
of  growth.  This  phenomenon  is  in  connection  with  thè  decaying  of  thè  lower 
leaves;  around  thè  end  of  July,  thè  lower  3 — 4  leaves  dry  and  fall  off  of  thè 
stalks. 

d)  The  weekly  changes  in  NAR  showed  a  rising  tendency  in  OSSK, 
between  weeks  6 — 13.  In  DKXL  thè  NAR  value  rose  from  thè  8th  week 
(Fig.  7),  while  in  thè  12th  and  13th  weeks  it  was  ahout  thè  sanie.  The  hybrids 
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Fig.  7.  Weekly  NAR  changes  in  thè  hybrids 


had  thè  greatest  NAR  value  in  thè  12th  and  13th  weeks.  By  thè  follow  ng 
week  thè  NAR  values  of  both  hybrids  dropped  back  to  their  halves,  then  they 
rose  again  on  thè  15th  week. 

e)  Figure  8  shows  thè  leaf  area  ratio.  On  thè  seventh  week  a  maximum 
occurred  in  thè  hybrids,  then  thè  LAR  values  decreased  until  thè  end  of  exami- 
nation. 

f)  The  weekly  changes  in  thè  efficiency  percentages  of  thè  hybrids  showed 
a  similar  tendency  in  almost  all  cases  (Fig.  9).  The  highest  values  occurred  on 
thè  12th  week.  The  values  in  thè  figure  are  thè  weekly  average.  The  daily 
values  exceed  them  or  they  are  lower  than  thè  weekly  values.  The  maximum 
OSSK  estimated  efficiency  is  8.4%  (July,  12),  its  minimum  efficiency  per- 
centage  is  0.6%  (June,  4  and  5).  The  maximum  estimated  DKXL  efficiency 
is  7.6%  (July,  12),  its  minimum  efficiency  is  0.9%  (June,  9). 


13* 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


196 


PRÉCSÉNYI,  I. — CZIMBER,  GY. — CSALA,  G. — SZÒCS,  Z.— MOLNAR,  E. — MELKÓ,  E. 


Fig.  8.  Weekly  LAR  changes  in  thè  hybrids 
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Fig.  9.  Weekly  efficiency  percentage  changes  in  thè  hybrids 


Correlation  analysis 

Let  us  now  examine  thè  relationships  between  climatic  factors  (weekly 
mean  temperature,  weekly  amount  of  precipitation,  and  weekly  amount  of 
solar  radiation)  and  growth  characteristics  as  well  as  thè  interrelationships  of 
growth  characteristics.  Correlations  were  calculated  by  arranging  thè  growth 
characteristics  with  thè  climatic  data  of  thè  preceding  week.  In  this  way  thè 
total  number  of  pairs  makes  10.  The  correlation  coefficients  are  given  in 
Table  10.  As  is  seen,  thè  hybrids  show  an  approximately  identical  correlation 
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Table  10 


Correlations  between  thè  climatic  factors  and  growth  characteristics  and  between 
thè  growth  characteristics  themselves 


1  2 

3 

4 

• 

6 

7 

8 

9 

1 

— 

-0.72 

0.66 

-0.53 

0.16 

-0.56 

-0.59 

0.47 

0.07 

OSSK-218 

2 

= 

= 

—  0.91 

0.32 

0.15 

0.18 

0.30 

-0.10 

-0.06 

3 

= 

= 

= 

-0.19 

-0.13 

-0.06 

-0.16 

0.00 

0.14 

4 

-0.41 

0.27 

-0.27 

= 

0.20 

0.72 

0.95 

-0.59 

0.52 

5 

0.10 

0.12 

-0.20 

0.59 

= 

-0.01 

-0.09 

0.62 

0.82 

6 

-0.64 

0.27 

-0.12 

0.58 

-0.26 

= 

0.89 

-0.91 

-0.10 

7 

-0.53 

0.27 

-0.23 

0.94 

0.32 

0.81 

= 

-0.78 

0.28 

8 

0.51 

-0.08 

0.01 

-0.42 

0.48 

-0.91 

—  0.65 

= 

0.26 

9 

0.09 

-0.08 

0.04 

0.67 

0.90 

-0.04 

0.47 

0.25 

= 

DKXL-342 


1  =  weekly  average  temperature  (°C) 

2  =  weekly  amount  of  precipitation  (mm) 

3  =  weekly  amount  solar  radiation  (h) 

4  =  RGR;  5  =  NAR;  6  =  LAR;  7  =  RLGR;  8  =  CGR;  9  =  efficiency,  % 

r  =  0.63  —  0.75,  significant  on  5%  level 
r  =  0.76  —  0.86,  significant  on  1%  level 
r  =  0.87  —  0.99,  significant  on  0.1%  level 


with  thè  climatic  factors.  There  is  only  one  significant  correlatimi  between 
thè  climatic  factors  and  thè  growth  characteristics.  Most  significant  correla¬ 
tions  with  another  growth  characteristic  were  manifested  by  thè  RLGR  in 
both  hybrids. 

In  thè  knowledge  of  thè  correlation  coefficient,  path  analysis  was  car- 
ried  out,  in  order  to  detect,  and  to  estimate  thè  causes  of  variabilities.  The  path 
diagram  was  prepared  so  as  to  allow  thè  estimation  of  thè  influence  of  thè 
climatic  factors  mentioned  above  on  thè  growth  characteristics  examined,  and 
also  of  thè  effect  of  growth  characteristics  on  thè  RGR  variability  (Fig.  10); 
thè  enumeration  in  thè  figure  is  in  agreement  with  that  used  in  Table  10, 
thè  arrows  indicating  correlation  —  double-headed  arrows  —  are  used  only 
between  thè  climatic  factors,  and  they  are  not  represented  between  thè  growth 
characteristics;  thè  error  paths  belonging  to  thè  various  growth  characteristics 
are  not  marked,  with  thè  exception  of  RGR;  one-headed  arrows  indicate  direct 
paths.  The  case  of  thè  correlated  causes  was  chosen.  First  thè  effect  of  climatic 
factors  on  thè  variability  of  growth  characteristics  is  discussed.  Table  11  con- 
tains  thè  estimation  of  thè  effect  of  climatic  factors  on  thè  variability  of  growth 
characteristics  in  thè  hybrids.  Each  of  thè  climatic  factors  has  a  positive  effect 
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|  RGR  | 


E 


Fig.  10.  The  patii  diagram  plotted  by  thè  authors  (see  text) 


on  thè  OSSK  variability  of  NAR  and  efficiency.  As  for  thè  RGR  variability 
in  DKXL,  each  of  thè  climatic  faetors  has  a  negative  effect  on  them.  It  is 
remarkable  that  thè  other  faetors  exert  a  relatively  great  influence  in  all  cases. 

Table  11 


Paths  between  thè  climatic  faetors  and  thè  growth  characteristics 


RGR 

NAR 

LAR 

RLGR 

CGR 

ElTiciency 

1. 

-0.628 

0.556 

-0.899 

-0.783 

0.832 

0.051 

OSSK-218 

2. 

0.419 

0.571 

0.104 

0.354 

0.006 

0.427 

3. 

0.606 

0.022 

0.629 

0.676 

-0.541 

0.495 

E 

0.805 

0.823 

0.718 

0.734 

0.781 

0.976 

DKXL-342 

1. 

-0.446 

0.392 

0.933 

-0.698 

0.943 

0.069 

2. 

-0.168 

-0.088 

0.287 

-0.132 

0.243 

-0.205 

3. 

-0.128 

-0.539 

0.757 

0.111 

-0.392 

-0.193 

E 

0.909 

0.831 

0.645 

0.831 

0.778 

0.992 

1.  =  weekly  average  temperature 

2.  =  weekly  precipitation 

3.  =  amount  of  weekly  hours  of  solar  radiation 
E  =  error  =  other  faetors 


The  other  growth  characteristics  exert  different  effeets  on  thè  RGR  vari¬ 
ability  of  thè  two  hybrids  (Table  13).  While  RLGR  exerts  thè  greatest  influ- 
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Table  12 

Percentage  distribution  of  thè  paths  given  in  Table  11 


RGR 

NAR 

LAR 

RLGR 

CGR 

Efficiency  1 

1. 

39.46 

30.94 

80.98 

61.36 

69.19 

0.26 

OSSK-218 

2. 

17.58 

32.58 

1.09 

12.54 

0.00 

18.26 

3. 

36.73 

0.05 

39.55 

45.72 

29.26 

24.54 

Direct  effeets 

93.77 

63.57 

121.62 

119.62 

98.45 

43.06 

Indirect  effeets 

— 58.58 

—46.40 

—  73.13 

-  73.56 

—  59.53 

—38.33 

Other  effeets 

64.18 

68.61 

51.51 

53.94 

61.08 

95.27 

1. 

19.92 

15.40 

87.01 

48.71 

88.98 

0.48 

DKXL-342 

2. 

2.83 

0.78 

8.27 

1.73 

5.89 

4.23 

3. 

1.65 

29.07 

57.35 

1.23 

15.33 

3.71 

Direct  effeets 

24.40 

45.25 

152.63 

51.67 

110.20 

8.42 

Indirect  effeets 

-  7.18 

—14.30 

-  94.26 

-  20.79 

-  70.74 

-  6.92 

Other  effeets 

82.78 

69.05 

41.63 

69.12 

60.54 

98.50 

Table  13 

The  effect  of  NAR ,  LAR ,  RLGR ,  CGR  and  efficiency  on  thè  RGR  variability 


OSSK-218  DKXL-342 


UIS.AJL-.i4Z 

path 

% 

path 

% 

NAR 

-0.082 

0.67 

0.929 

86.43 

LAR 

0.124 

1.54 

—  0.057 

0.33 

RLGR 

0.920 

84.73 

0.339 

11.48 

CGR 

0.215 

4.63 

-0.657 

43.19 

Efficiency 

0.284 

8.05 

—  0.164 

2.69 

Direct  effeets 

99.62 

144.12 

Indirect  effeets 

-  2.82 

-  44.11 

Other  effeets 

0.179 

3.20 

-0.0001 

0.01 

enee  on  thè  variability  of  RGR  in  OSSK,  thè  greatest  positive  effect  is  exerted 
by  NAR  in  DKXL.  The  influence  of  thè  other  characteristics  is  not  significant 
in  any  of  thè  hybrids,  which  is  contrary  to  thè  case  of  thè  climatic  factors. 
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IÌBER  EINIGE  PFLANZEN 
DES  WESTLICHEN  TIENSCHAN.  II. 

Von 

Sz.  Priszter 

BOTANISCHER  GARTEN  DER  EÒTVÒS  L.  UNIVERSITÀT,  BUDAPEST 
(Eingegangen  am  2.  Januar,  1976) 


The  author  makes  us  acquainted  with  thè  history  of  thè  discovery  of  Eremurus- 
hvbrids;  enumerates  all  thè  artificial  and  spontaneous  hybrids  known  up  to  now.  He 
gives  a  name  to  thè  Crossing  Eremurus  regelii  X  E.  turkestanicus  found  in  thè  West- 
Tien-Shan  (Eremurus  xludmillae  Levitschev  et  Priszter).  The  author  describes  a  new 
variety  of  Alcea  nudicaulis  (var.  marthae)  and  gives  informations  about  several  lususes 
and  forms  —  all  can  be  found  in  thè  Naturai  Protection  Area  of  Tshatkalski  Shapo- 
vednik.  Finally  there  are  mentioned  some  adventivous  plants  occurring  in  thè  neigh- 
bourhood  of  Tashkent. 


5.  Eremurus- Hybriden 

Heute  sind  in  dem  sich  von  der  Krim  bis  zum  Himalaja  erstreckenden 
ausgedehnten  Gebiet  schon  mehr  als  80  Arten  der  iiber  einen  sehr  charak- 
teristischen,  eigenartigen  Habitus  verfùgenden  Eremurus- Gattung  bekannt. 
Die  erste  Eremurus- Art  (noch  unter  dem  Namen  Asphodelus  altaicus)  ken- 
nen  wir  fast  seit  200  Jahren,  den  grossten  Teil  der  Arten  hat  man  aber  —  vor 
allem  aus  Mittelasien  —  erst  in  den  letzten  Jahrzehnten  beschrieben.  Systema- 
tiker  der  letzten  Zeit  (z.  B.  Khokhrjakov  1965)  erheben  zwar  die  anfangs 
als  Genera,  spàter  als  Subgenera  bzw.  Sektionen  betrachteten  Namen  (Am- 
molirion ,  Henningia ,  Selonia  usw.)  wieder  auf  den  Rang  eines  Genus,  jedoch 
wurde  dies  nicht  allgemein  angenommen.  So  gebrauchen  wir  im  weiteren  nur 
den  Gattungsnamen  Eremurus . 

Wegen  der  auffallenden,  exotischen  Form  und  Gròsse  der  Eremurus - 
Arten  (viele  von  ihnen  sind  50 — 80,  andere  100 — 150  cm  hoch,  einige  errei- 
chen  sogar  die  Hòhe  von  3  m),  ferner  ihres  massenhaften  Auftretens  fàllt 
ihnen  in  der  xerothermen  Gebirgs-,  zuweilen  Wustenvegetation  Mittel-  und 
Sudwestasiens  eine  bedeutende  Rolle  zu.  Mehrere  ihrer  Arten  hat  man  bereits 
vor  etwa  100  Jahren  wegen  ihrer  prachtvollen  Bliiten  auch  in  die  Garten- 
kultur  einbezogen  (ich  habe  z.  B.  im  Garten  sogar  250 — 400  Bliiten  tragende, 
80 — 100  cm  lange  Infloreszenz  von  E .  himalaicus  und  E.  robustus  gesehen) 
und  zur  Jahrhundertwende  begann  man  sogar  einzelne  Arten  zu  veredeln. 

*  I.:  Acta  Bot.  Acad.  Sci.  Hung.  21  (1975)  p.  377  —  386. 
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( E .  himalaicus  X  robustus) 


Zuerst  wurde  bloss  die  spontane  Kreuzung  einiger,  in  den  europàischen 
Gàrten  gedeihender  Arten  beobachtet,  aber  in  kurzer  Zeit  hat  man  auch  mit 
der  bewussten  Arbeit  der  kùnstlichen  Kreuzung  begonnen.  Die  bekannteren 
àlteren  Kreuzungen  (vgl.  Fedtschenko  1909:  83,  154 — 160)  sind: 

E .  X  isabellinus 

E.  X  Warei  (E.  olgaeX  stenophvllus  var.  bungei) 

E .  X  Shelford 
E.  robustus  Superbus 
E .  x  Himrob 

E.xTubergenii  (E.  himalaicus  X  stenophyllus  var.  bungei) 

E.  X  Michelianus  (E.  stenophyllus  var.  bungei  X  Warei) 

E.xMrs .  Reuthe  (E.  spectabilis  var.  marginatusX  Warei) 

Das  Vorkommen  der  Eremaras-Hybriden  in  der  Natur  begann  man  erst 
spàter  zu  erforschen.  O.  Fedtschenko  hat  im  Jahre  1909  das  Vorhandensein 
der  natiirlichen  Hvbride  E.  olgae  X  stenophyllus  nur  noch  in  einer  vorsichtigen 
Abfassung  verifiziert  (Fedtschenko  1909:  94),  B.  Fedtschenko  verweist 
1935  noch  ebenfalls  nur  auf  die  Gartenhybriden  der  vier  dekorativen  Arten 
(E.  olgae ,  robustus ,  spectabilis ,  stenophyllus ),  obwohl  er  die  Aufmerksamkeit 
eigens  auf  die  in  der  Natur  entstehbaren  Eremurws-Hybriden  lenkt.  Wendelbo 
schreibt  hingegen  schon  (1964:  26),  dass  ».  .  .  naturai  hybrids  may  he  quite 
common  as  several  species  often  grow  together«.  In  einem  eigenen  Abschnitt 
seiner  Arbeit  (p.  26 — 29)  eròrtert  er  ausfiihrlich  drei  Hybriden  aus  Afgha¬ 
nistan: 

E.  kaufmannii  X  stenophyllus  ssp.  aurantiacus 
E .  olgae  X  stenophyllus  ssp.  stenophyllus 

(E.  albocitrinus  Bak.,  E.  X  Shelford,  E.  X  isabellinus,  E.  X  Warei) 

E.  robustus  X  stenophyllus  ssp.  aurantiacus. 

V vedensky  erwàhnt  in  einer  seiner  letzten  Arbeiten  (1971)  unter  den 
aus  Mittelasien  aufgezahlten  45  Eremurus- Arten  schon  in  grosser  Zahl  Hybri¬ 
den  ohne  binare  Nomenklatur,  lediglich  mit  der  Angabe  der  Eltern.  Diese 
sind  —  in  alphabetischer  Reihenfolge  der  Arten  —  die  folgenden: 


1 .  angustifolius  X  stenophyllus 

2.  brachystemonX  comosus 

3.  fuscus  X  regelii 

4.  iaeX  regelii 

5.  iaeX  robustus 


6.  kaufmannii  X  robustus 

7.  olgae  X  stenophyllus 

8.  regelii  Xturkestanicus 

9.  robustus  X  stenophyllus 

10.  sogdianus  X  turkestanicus. 


Anlàsslich  unserer  in  den  Jahren  1973  und  1975  vorgenoinmenen  For- 
schungen  in  Usbekistan  konnte  ich  mit  den  botanischen  Mitarbeitern  des 
Gebietes  von  Tschatkalski  Sapowednik  unter  den  stellenweise  in  Massen  ge- 
deihenden  vier  Eremurus- Arten  (E.  regelii,  robustus ,  sogdianus  und 
turkestanicus ,  Abb.  1 — 4)  die  natùrliche  Hybride  des  Eremurus  regeliix 
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2 


3 


4 


Abb.  1.  Eremurus  sogdianus  (Rgl.)  Benth.  et  Hook,  f.,  Bliitenstand 
Abb.  2.  Eremurus  robustus  Rgl..  auf  den  Hàngen  iiber  dem  Tal  des  Basch-Kysil-Sai 
Abb.  3.  Eremurus  regelii  Vved.,  Bliitenstand 
Abb.  4.  Eremurus  turkestanicus  Rgl.,  im  Tal  des  Iran-Sai 
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turkestanicus  an  mehreren  Stellen  beobachten.  Diese  Hybride  hat  zwischen 
den  voneinander  morphologisch  abweichenden  beiden  Eremurus-Arten  einen 
ziemlich  intermediàren  Habitus.  Der  Blutenstand  der  Art  E.  regelii  (Abb.  3) 
ist  dicht,  das  Perigon  rosa-weinrot,  die  Kapsel  hat  eine  tief  gefurchte  Ober- 
flàche.  Der  Blutenstand  der  Art  E .  turkestanicus  ist  hingegen  ziemlich  locker 
(Abb.  4),  das  Perigon  gelblich-griin,  die  Oberflàche  der  Kapsel  glatt. 

Die  Hybride  Eremurus  regelii  X  turkestanicus  habe  ich  zuerst  am  Fuss 
des  Ak-Tasch  in  einer  Hòhe  um  1800  m  gesehen,  wàhrend  die  im  Laboratorium 
der  Forschungsstation  tàtigen  Forscher  I.  G.  Lewitschew  und  L.  S.  Kra- 
SOWSKAJA  einige  Exemplare  ihrer  in  etwa  2000  m-Hohe  im  Unteren  Minara- 
Gebirge  beobachtet  und  auch  eingesammelt  haben.  Da  diese  Hybride  noch 
keinen  binàren  Namen  hat,  haben  wir  sie  zu  Ehren  der  Sammlerin  Eremu - 
rus  X  ludrnillae  genannt. 


Eremurus  x  ludmillae  Levitschev  et  Priszter,  nomen  novum 
(E.  regelii  Vved.  xE.  turkestanicus  Rgl.) 

Color  perigonii  ilio  E.  regelii  pallidior,  sed  E.  turkestanico  atrior.  Inflorescentia  non  tain 
densa,  quam  apud  E.  regelii.  Capsula  leviter  (non  dense)  rugosa.  Antherae  illis  E.  turkestanici 
similes:  longae  et  deorsum  recurvatae.  Holotypus:  inter  parentes,  in  declivibus  saxosis  meri- 
dionalibus  montis  Minara  Inferior  (montiuin  Tien-Schan  Occidentalis),  territorii  protectionis 
naturae  Tschatkalski  Sapovednik  dicti,  alt.  2000  m.s.m.  Leg.:  Igor  Levitschev  et  Ludmilla 
S.  Krasovskaja,  30.  5.  1975.  Herbarium  Horti  Botanici  Universitatis  Scientiarum  Budapest 
(Hungaria). 


6.  Alcea  nudicaulis  (Lindl.)  Boiss.  var.  marthae  Priszter 

Die  von  Althaea  abgesonderte  Gattung  Alcea *  ist  im  Kaukasus  und  in 
Mittelasien  ziemlich  artenreich  (Iljin  beschrieb  z.  B.  10  neue  Arten  im  Jahre 
1949).  Von  den  Arten  ist  in  Mittelasien  Alcea  nudicaulis  (Lindl.  sub  Althaea) 

*  Da  die  neuere  internationale  Fachliteratur  noch  kauin  davon  Kenntnis  genommen  hat 
was  seit  1969  in  der  ungarischen  Literatur  bereits  publiziert  worden  ist,  muB  ich  hier  erwàh- 
nen,  daB  wenn  wir  die  von  den  Althaea  abgesonderte  Gattung  Alcea  anerkennen  (und  dies 
wird  immer  melir  anerkannt),  so  ist  der  giiltige  Name  der  urspriinglich  aus  Ungarn  beschrie- 
benen  Art  % Althaea  pallida  W.  et  K.  ex  Willd.«  (Sp.  pi.  3.  1800)  nicht  Alcea  pallida  (W.  et 
K.  ex  Willd.  1800  vel  1801)  W.  et  K.  1800  vel  1801  (Descr.  Icon.  PI.  Rar.  Hung.  1.).  Diese 
Pflanze  hat  nàmlich  urspriinglich  J.  J.  Winterl  um  1780  in  Ungarn  entdeckt  und  in  seinein 
»Catalogus«  aus  dem  Jahre  1785  (in  Manuskript)  kann  die  Art  schon  unter  dein  Namen  »Alcea 
nova«  (Priszter  1972b:  147,  1973:  99)  angetroffen  werden.  In  dem  in  Druck  erschienenen 
»Index«  des  Botanischen  Gartens  zu  Pest  —  der  zugleich  das  erste  Florenwerk  iiber  den 
mittleren  Teil  Ungarns  ist  —  bringt  Winterl  eine  kurze  Beschreibung  und  ein  giiltiges  Binoin 
dariiber  (dieses  ist  fast  der  einzige  giiltige  Pflanzenname  von  Winterl,  da  die  Namen  seiner 
iibrigen  Entdeckungen  wegen  des  Gebrauches  des  bloB  »neues«  bedeutenden  Wortes  »novum« 
ungiiltig  sind;  vgl.  Priszter  1972a:  7).  Winterl  hat  auBer  der  kurzen  Diagnose  (»floret 
secundo  anno,  mox  peritura.  Spontanea  hungariae  flore  pallido,  caulis  solitarius  simplex«) 
auch  eine  Kupferstichtafel  (fig.  23.  p.  153)  der  Pflanze  publiziert.  Der  giiltige  friihere  Name 
von  Alcea  » pallida  (W.  et  K.)  W.  et  K.«  ist  demnach:  Alcea  biennis  Winterl  1788  (Index  Horti 
Bot.  Univ.  Hung.  p.  3).  (Priszter  1969:  211,  1972a:  15;  cf.  Soó  Syn.  4  1970:  587,  5  1973:  689.) 
Syn.:  Alcea  pallida  W.  et  K.  ex  Willd.  1800  vel  1801 

Althaea  pallida  (W.  et  K.  sub  Alcea)  W.  et  K.  1800  vel  1801;  Besser  1822  (sec.  FI. 

URSR  7  1955:  286.) 

Althaea  biennis  (Winterl  1788  sub  Alcea)  Borb.  1900,  non  Althaea  biennis  (M.  B. 

1808  sub  Alcea)  O.  Ktze.  1891  quod  est  Lavatera  biennis  M.  B.  1808. 
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Boiss.,  mit  ihren  schonen,  weissen  Blùten  ziemlich  verbreitet  und  kann 
eventuell  als  Ahne  der  bloss  aus  Kulturen  bekannten  Alcea  rosea  betrachtet 
werden.  Der  Alcea  rosea  àhnlich  verfiigt  auch  Alcea  nudicaulis  liber  einen  ziem- 
lichen  Formenreichtum.  So  hat  Iljin  (1949)  —  ihre  Behaarung  sowie  die 
Zerteilung  der  Blattspreite  in  Betracht  gezogen  —  mehrere  ihrer  Formen 
unterschieden  (f.  subglabra ,  f.  pilosa ,  f.  hirsutissima ;  f.  obtusiloba ,  f.  acuti- 
loba  Iljin). 

Im  Westlichen  Tien-Schan  haben  wir  eine  auffallende  Blùtenabwei- 
chung  beobachtet.  Die  Kronblàtter  der  typischen  Alcea  nudicaulis  sind  unten 
und  oben  so  breit,  dass  sich  ihr  Rand  zum  Teile  deckt  und  die  Biute  demzu- 
folge  dem  Anschein  nach  eine  Trichterform  bildet  (Abb.  5).  Einen  àhnlichen 


Abb.  5.  Alcea  nudicaulis  (Lindi.)  Boiss.  var.  nudicaulis ,  Biute 

Bliitenaufbau  zeigen  noch  Alcea  rosea  oder  auch  mehrere  Linum- Arten.  — 
Bei  der  selteneren  neuen  Yarietàt  der  Art  Alcea  nudicaulis  sind  die  Kron- 
blatter  hingegen  schmal,  stehen  weit  voneinander  und  im  Spalt  zwischen  den 
Kronblattern  sind  die  Kelchblatter  gut  sichtbar  (Abb.  6 — 7).  Einen  diesein 
àhnlichen  Bliitenaufbau  kònnen  wir  auch  bei  anderen  Malvaceae- Arten  (z.  B. 
Lavatera  thuringiaca ,  Malva  silvestris  oder  auch  bei  der  in  Tadschikistan  hei- 
mischen  Art  Alcea  baldshuanica  (Bornm.)  Iljin  vorfinden. 

Das  im  Gebiet  Tschatkalski  Sapowednik  an  mehreren  Stellen  vorkom- 
mende  (und  gewiss  auch  anderswo  vorfindbare)  neue  Taxon  liabe  ich  mit 
meiner  Frau  gemeinsam  gefunden  und  als  Yarietàt  (nicht  bloss  als  Form) 
nach  ihr  benannt,  da  diese  Yarietàt  vom  Typ  morphologisch  in  bedeutende- 
rem  Masse  abweicht  und  dieser  abweichende  Bliitenaufbau  bei  anderen  Arten 
der  Familie  Malvaceae  —  wie  gesehen  —  ein  konstant  auftretendes  Merk- 
mal  ist. 

Alcea  nudicaulis  (Lindl.)  Boiss.  var.  marthae  Priszter,  var.  nova 

A  typo  petalis  angustis  (supra  20  —  26,  infra  7  min  latis)  bene  differt.  Calyx  inter  un- 
gues  petalorum  eminens. 
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Habitat  in  territorio  protectionis  naturae  Tschatkalski  Sapovednik  dicto  (et  verisimi- 
liter  in  aliislocis)  montium  Tien-Schan  Occidentalis.  In  valle  Iran-Saj  prope  stationem  meteoro- 
logicam  (cca  1200  m.  s.  m.)  die  4.  6.  1975  legerunt  M.  et  Sz.  Priszter.  Ad  honorem  detectoris: 
uxoris  mei  nominata.  Holotypus  in  herbario  Horti  Botanici  Universitatis  Scientiarum  Buda¬ 
pest  (Hungaria)  conservatili 


Abb.  6.  Alcea  nudicaulis  (Lindi.)  Boiss.  var.  marthae  Priszter.  Biute 


Abb.  7.  Alcea  nudicaulis  var.  nudicaulis  (links)  und  var.  marthae  (rechts),  Kronblatt  und 

Kelchblàtter 


Die  weissbliitige  Art  Alcea  nudicaulis  haben  wir  im  allgemeinen  zwi- 
schen  1000 — 1500  m.  ii.  M.,  in  der  Waldsteppenzone  gefunden.  An  den  west- 
lichen  Auslàufern  der  Gebirge  —  so  z.  B.  in  der  Umgebung  von  Parkent  — 
haben  wir  auch  rosafarbene  Individuen  gesehen  (jedoch  nur  aus  dem  Autobus 
beobachtet).  Es  werden  weitere  Untersuchungen  an  Ort  und  Stelle  nòtig 
sein,  um  entscheiden  zu  konnen,  ob  die  dortige  Pflanze  eine  Hybride  der  Art 
Alcea  rosea  ist  oder  ob  sie  eventuell  mit  der  aus  Tadschikistan  erwàhnten 
Alcea  sangardensis  Ilj in  (nomen  nudum,  in  FI.  URSS  15.  p.  110 — 111)  mit 
rosafarbenen  Bliiten  und  tiefgespalteten  Blàttern  identifiziert  werden  kann. 
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7.  Einige  Farbabweichungen  aus  (lem  Westlichen  Tien-Schan 


Calopliaca  tianschanica  (B.  Fedtsch.)  Boriss.  lus.  aurantiaea  Priszter,  lus.  novus 
A  typo  floribus  aurantiacis  (non  aureis)  differt. 

Cerasus  ervthrocarpa  Nevski  lus.  albiflora  Priszter,  lus.  novus 
A  typo  floribus  albis  (non  roseis  vel  purpureis)  differt. 

Onobrychis  grandis  Lipsky  lus.  purpurea  Priszter,  lus.  novus 

A  typo  floribus  laete  purpureis  (non  roseis  vel  alboroseis)  differt. 

Hypericum  scabruin  L.  lus.  citrinum  Priszter,  lus.  novus 

A  typo  floribus  citrinis  (non  flavis)  differt.  Frequens. 

Impatiens  parviflora  DC.  f.  albiflora  Priszter,  f.  nova 

A  typo  floribus  albis  (non  ochroleucis)  differt.  Formae  ab  hoc  divergentes  sunt:  f. 
albescens  Rohlena  1926  (fauce  aurantiaco)  et  f.  bicolor  Leeder  in  Neuinann  1929  (fauce 
calcarique  purpurascente).  Forma  nostra  albiflora  in  regione  Tien-Schan  Occidentalis 
frequens  esse  videtur. 

Helichrysum  maracandicum  M.  Pop.  et  Kirp.  lus.  albescens  Priszter,  lus.  novus 
A  typo  squainis  fere  albis  (non  laete  flavis)  differt. 

Korolkowia  sewertzowii  Rgl.  lus.  viridiflora  Priszter,  lus.  novus 

A  typo  floribus  toto  viridibus  (non  brunneo-purpureis  vel  viride-purpureis)  differt. 

Allium  barszczewskii  Lipsky  lus.  albidum  Priszter,  lus.  novus 

Color  florum  plantae  typicae  variabilis:  laete  purpureus,  roseopurpureus,  roseus; 
pedunculis  purpureis.  Lusus  albidum  a  typo  petalis  fere  albis  pedunculisque  albis  (vel 
purpurascentibus)  differt. 

Allium  iodanthum  Vved.  lus.  roseolum  Priszter,  lus.  novus 
A  typo  floribus  roseolis  (non  atropurpureis)  differt. 

Juniperus  serawschanica  Kom.  f.  glauca  Priszter,  f.  nova 

A  typo  foliis  glaucoviridibus  differt.  Color  haec  apud  diversas  Coniferas  frequenter 
proveniens. 

Lusi  formaeque  haec  omnes  in  territorio  protectionis  naturae  Tschatkalski 
Sapovednik  dicto  provenientes.  Holotypi  omnes  —  anno  1975  lecti  —  in  herbario 
Horti  Botanici  Universitatis  Scientiarum  Budapest  (Hungaria)  conservantur. 

Isatis  boissieriana  Rchb.f.  lus.  purpurea  Priszter,  lus.  novus 

A  typo  siliculis  purpurascentibus  differt.  Prope  urbem  Sainarkand,  die  2.  6.  1975  lecta. 
Holotypus  (Nr.  8125/75)  in  herbario  Horti  Botanici  Universitatis  Budapestinensis  con- 
servatur. 


8.  Einige  Adventivpflanzen  aus  Tasclikent 

Crambe  amabilis  Butk.  et  Majlun.  Eine  iin  Jahre  1962  aus  Kasachstan  beschriebene  Art,  die 
an  Ruderalstellen  auch  in  Usbekistan  sich  zu  verbreiten  scheint.  —  In  ruderatis  ad 
urbem  Taschkent  et  in  regione  vicina  (e.  gr.  prope  Tschimgan).  An  apophyton? 

Polygonum  cuspidatum  Sieb.  et  Zucc.  =  Reynoutria  japoniea  Houtt.  —  In  hortis  culta  et 
in  urbe  Taschkent  pluribus  locis  subspontanea. 

Duchesnea  indica  (Andr.)  Focke.  —  Pianta  ornamentalis  et  in  locis  compluribus  urbis  Tasch¬ 
kent  (e.  gr.  in  hortis  publicis  privatisque)  saepe  subspontanea. 

In  Horto  Botanico  Academiae  Scientiarum  Usbekistanae  (in  urbe  Taschkent)  plantas  sequen- 
tes  adventivas  vidi:  Fibigia  macroptera  Boiss.  (ex  Caucaso  et  Asia  Minore),  Anemone 
pennsylvanica  L.  (ex  America  Boreali),  Duchesnea  indica  (Andr.)  Focke  (ex  Asia  Austra¬ 
li  et  Orientali). 
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ADDENDA  AD  PARTEM  I.  HUIUS  OPERIS 

(Acta  Bot.  Hung.  21.  1975.  p.  385.) 

Loca  natalia  nova  Sedi  eicersii  ex  Herbario  Univ.  Hauniensis 
(Kobenhavn,  Danmark): 

Sedum  ewersii  Ledeb.  var.  eiversii: 

Afghanistan:  Minjan  (leg.  L.  Edelberg,  1948), 

W.  Pakistan:  Naran  (leg.  G.  Hammer,  1969); 

Sedum  ewersii  Leder,  var.  homophyllum  Praeg.: 

Afghanistan,  Nuristan:  Pashki  (leg.  G.  Hammer,  1969);  (varietas  haec  ad  floram  afgha- 
nicam  nova;  determ.  Sz.  Priszter,  1967). 


A  età  Botanica  Academiae  Scientiarum,  Hungaricae  22,  1976 
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THE  CARPOLOGICAL  EXAMINATION  OF  WILD- 
GROWING  VINE  SPECIES  OF  HUNGARY,  I 

By 
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DEPARTMENT  OF  BOTANY  AND  BOTANICAL  GARDENS  OF  THE  UNIVERSITY  OF  HORTICULTURE 
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The  author  carries  out  his  botanical  examinations  of  wild  vine  stands  in  thè 
Carpathian  Basin,  i.e.  in  thè  area  of  Hungary,  rich  in  characteristic  autochthon  species. 
Since  thè  end  of  thè  19th  century,  no  thorough  studies  on  thè  stand  have  yet 
been  published.  It  is  noteworthy  that  thè  northern  boundaries  of  Hungary  more  or 
less  coincide  with  thè  northern  boundaries  of  both  thè  distribution  of  Vitis  sylvestris 
Gmel.  (grove  vine)  and  thè  growth  of  V.  vinifera  L. 

In  thè  area  mentioned  above,  V.  riparia  Michx.  besides  V.  sylvestris ,  increasingly 
gains  ground  too.  It  is  for  thè  first  time  that,  after  thè  cenological  cliaracterization  of 
thè  habitats  of  both  species,  thè  diagnostic  character  and  data  of  cluster-,  berry-,  and 
seed,  among  them  berry  size  and  berry  weight  correlation  data,  of  V.  sylvestris  obtained 
from  nine  habitats  are  described  on  thè  basis  of  a  botanical  analysis. 

The  seed  plays  a  primary  part  also  in  thè  classification  of  thè  basic  species  of 
vine.  The  author  considers  as  basic  species  those  wild  vines  which  use  to  grow  for  thè 
selection  of  stock  cultivars  or  fruiting  cultivars  (grapevine,  table  grape). 

The  most  important  diinensions  of  V.  sylvestris  seeds,  compared  to  those  of  thè 
Austrian  and  Upper-Rheinish  vine-seeds,  are  given  in  tables,  with  reference  to  habitats. 
The  V.  riparia  seeds  are  presented  in  a  similar  manner.  The  author  groups  thè  wild 
vine  seeds  by  thè  length  data  of  thè  seeds. 

Investigations  into  thè  two  species  reveal  that  during  seed  length  growth  thè 
seed  beak  grows  quicker  as  compared  to  seed  corpus. 

Several  coinparisons  have  been  made  with  thè  diagnostic  characters  of  V.  vini¬ 
fera  seeds.  By  means  of  calculating  several  ratios  —  diameter/length  (occasionally  its 
reciprocai  that  is  length/diameter),  beak  length/seed  length  —  thè  author  characterizes 
thè  seed  of  thè  two  wild-growing  vine  species  in  Hungary.  While  making  thè  com- 
parisons  with  V.  vinifera ,  thè  author  calls  attention  to  siinilarities  (for  example,  seed 
diameter)  and  to  dissimilarities  as  well:  as  for  example  thè  problem  of  short  beak  and 
wide  chalaza. 


Introduction 

The  rich  flora  of  thè  Carpathian  Basin,  thè  occurrence  of  thè  character¬ 
istic  Pannonian-Balkanian  and  Pontian  plant  species  had  already  early  aroused 
thè  attention  both  of  Hungarian,  and  especially  West-European  botanists. 
Many  eminent  botanists  like  Pal  Kitaibel,  Vince  Borbas,  Àrpad  Degen, 
Àrpad  Kiss,  Lajos  Simonkai,  Viktor  Janka,  Sandor  Jàvorka,  Zoltan 
Kàrpàti,  Jenò  Keller,  Imre  Mathé,  Gusztàv  Moesz,  Gyula  Nyàradi, 
Antal  Pénzes,  Raymund  Rapaics,  Jànos  Wagner,  Endre  Gombocz,  Jenò 
Bernatsky,  Rezso  Soó,  Balint  Zólyomi  explored  thè  Hungarian  flora,  and 
achieved  noteworthy  results  even  at  international  level.  Notwithstanding  all 
this,  thè  Vitis  stands  with  regard  to  taxonomy  have  remained  almost  untouched. 
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The  Hungarian-born  Professor  E.  Rathay  of  Klosterneuburg  (Austria) 
was  almost  thè  first  (1889  Voi.  V.)  after  Kerner  (1857)  to  pay  attention 
to  thè  vine  populations  alongside  thè  Danube  (1888/1889;  1892/1893).  His 
vine  carpological  examinations,  thè  detailed  analysis  of  thè  sexual  dimorphism 
of  V.  sylvestris  serve  as  a  basis  even  today  for  every  research  into  V.  sylvestris 
and  V.  vinifera.  Today  in  Hungary  P.  Kozma  (1963,  1964,  1966  etc.)  is  an 
outstanding  contributor  to  thè  carpological  research  of  cultivated  vines  at 
an  up-to-date  level. 

Hegedus  (1966,  1968,  1969)  published  thè  results  of  his  vine  anatomical 
and  morphological  research  in  several  papers  and  books. 

Andrasovszky  (in  Jàvorka,  1924 — 1925),  also  a  Hungarian,  who 
achieved  fame  with  his  systematization  of  cultivated  vines,  did  not  deal 
with  vine  stands  growing  wild.  Andrasovszky’s  view  (l.c.)  on  wild-growing 
vines  is  well-reflected  by  his  following  words:  “The  V.  silvestris  Gmel.  .  .  . 
contains  thè  forms  of  several  V.  vinifera  group  cultivars  occurring  especially 
in  thè  south;  their  flowers,  owing  to  thè  discontinuation  in  cultivation,  are 
often  but  not  always  unisexual”.  Adnrasovszky’s  contemporary,  Gayer 
(1928),  who  was  a  great  advocate  of  Andrasovszky’s  System  of  cultivated 
vine,  considered  V.  sylvestris  as  an  autochthony  of  vines  growing  alongside 
thè  watercourses. 

Andrasovszky  (1915 — 1917)  was  thè  first  in  Hungary  to  systematize 
thè  vine  species  by  thè  shape  characteristics  of  thè  seeds.  Today  it  is  Facsar 
(1967;  1970;  1971)  in  our  Institute  who  deals  with  thè  question  and  who 
compiled  thè  so-called  seed  type  group  System  of  V.  vinifera  cultivars  (1972). 

Among  thè  specialists  of  thè  practical  field  I’só  (1954)  was  thè  first 
to  take  notice  of  thè  mass  occurrence  of  V.  riparia  alongside  thè  river  Tisza. 
Botanists  did  not  indicate  thè  presence  of  this  species;  it  is  considered  even 
today  as  V.  sylvestris  (for  example,  Magyar,  1960).  In  our  opinion,  a  thorough- 
going  botanical  elaboration  was  much  hindered  by  thè  view — which  can  be 
considered  as  generai  —  that  thè  wild-growing  vine  stands  of  Europe  essen- 
tially  consist  of  escaped  plants,  thus  it  is  not  worth-while  to  deal  with  them.  This 
attitude  seems  to  be  confirmed  by  ‘accepted’  handbooks,  too.  For  example 
Rehder  (1951)  says:  “The  spontaneous  or  subspontaneous  form  is  sometimes 
distinguished  as  (  V.  vinifera  L.)  var.  sylvestris  Willd.  .  . 

These  had  been  thè  preceding  phases  of  research  when  we  started  to 
make  a  project  and  became  engaged  in  solving  this  problem  (TerpÓ,  1962; 
1963;  1969;  1974).  Our  research  could  essentially  be  based  besides  thè  results 
of  Rathay,  on  those  of  thè  French  Levadoux,  thè  Roumanian  Pop,  thè 
Yugoslavian  Turkovic  and  Soviet  Negrul’.  The  good  personal  relationships 
that  developed  between  thè  latter  two  and  us  had  to  a  great  extent  favourably 
influenced  thè  organization  and  accomplishment  of  V.  sylvestris  research,  thè 
final  target  of  which  was  to  elaborate  thè  origin,  taxonomical  classification 
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and  ecological  conditions  of  V.  sylvestris ,  and  thè  problem  of  its  being  related 
to  V.  vinifera  and  V.  riparia . 

In  thè  present  paper  we  describe  and  discuss  only  thè  characteristics 
and  correlative  connections  of  thè  fruit  and  seed. 


Material  and  method 


Research  into  wild  vine  partly  consists  of  field  study.  By  doing  this  we  carry  out 
thè  cenological  elaboration  and  thè  collection  of  soil  samples  to  obtain  ecological  data;  thè 
investigations  into  sex  distribution;  thè  estimation  of  thè  conditions  of  thè  plants  (disease, 
etc.);  thè  surveying  of  phenological  data;  and  thè  collection  of  fruits. 

Since  1964,  continually,  we  have  established  a  living  collection  from  thè  materials 
gathered  —  in  thè  “Botanical  Gardens  of  Soroksàr”  belonging  to  thè  Department  of  Botany 
of  thè  University  —  mostly  by  sowing  thè  seed.  The  soil  of  thè  area  (slightly  humic  sand  of 
chernozem  character)  developed  on  sand  dunes  characteristic  for  thè  Danube-Tisza  Mid- 
region.  Its  animai  moisture  quantity  is  552  mm,  animai  mean  temperature  10.2°C,  thè  first 
autunni  frost  generally  appears  on  thè  llth  of  October. 

The  fruits  of  thè  cultivated  and  of  thè  wild-grown  materials  were  measured  and  evalu- 
ated  according  to  practice  in  ampelography;  thè  shape  of  thè  berry  was  depicted  by  drawing. 
The  berries  were  grouped  according  to  thè  number  of  seeds  they  contains;  their  shape  data  were 
obtained  by  means  of  a  stereomicroscope,  on  thè  basis  of  thè  pattern  shown  in  Figs  8  —  9;  thè 
magnificatimi  of  thè  ocular  micrometer  was  12.5  X,  that  of  thè  objective  was  lx.  We  en- 
deavoured  to  obtain  data  useful  both  in  taxonomical  and  archaeological  research. 

In  thè  evaluation  of  thè  data  recorded  I  applied  various  mathematical-statistical 
methods.  In  order  to  determine  thè  rate  of  variability  of  thè  characteristics,  of  their  distribu- 


I  compared  thè  variation  of  thè  different  characteristics  of  thè  fruit  and  thè  seed  —  thè  devia- 
tion  related  to  thè  average,  in  percentage  —  by  means  of  thè  variation  coefficient  as 


•%  =CV  = 


•  ioo  | 
X  ì  ' 


The  values  of  thè  variation  coefficients  were  estiinated  as  thè  following  variation 
classes: 

1.  0  —  10%  —  thè  characteristics  are  invariable  and  as  such  are  usable  also  for  dis- 
tinguishing  infraspecific  taxa; 

2.  10  —  20%  —  thè  characteristics  show  a  moderate  variation,  and  can  be  used  satis- 
factorily  in  distinguishing  species; 

3.  20  —  30%  —  thè  coefficient  represents  a  high  degree  of  variation  which  can  be  traced 
back  to  species  rich  in  infraspecific  taxa,  to  hybrid  populations,  and  often  to  thè  effect  of 
extreme  ecological  conditions; 

4.  30%  —  thè  coefficient  represents  an  extreme  fluctuation  in  thè  characteristics. 

When  examining  thè  correlations  between  seed  number  and  berry  volume,  I  also 

calculated  thè  values  of  confidence  interval. 

Among  thè  ratio  numbers,  mainly  thè  seed  index  values  (length/diameter  or  its  recipro¬ 
cai  diameter/length),  used  also  in  ampelogical  researches,  were  calculated  and  thè  results  were 
plotted  graphically.  This  mode  of  representation  was  considered  important  especially  since 
through  it  a  possibility  was  offered  to  me  to  compare  my  data  with  those  of  other  authors. 

The  length  and  diameter  of  thè  seed  were  measured  and  used  in  all  cases,  similarly  to 
thè  length  of  thè  beak.  Certain  morphological  characteristics  (such  as  thè  length  and  diameter 
of  thè  rosette)  were  measured  only  for  informatory  purposes. 

Besides  thè  above  data,  thè  qualitative  diagnostic  characters  of  thè  seeds  were  also 
determined:  thè  shape  of  thè  seed,  thè  form  of  thè  base  and  beak,  thè  sculpture  of  thè  dorsal 
and  thè  ventral  sides,  thè  colour  and  thè  glaziness  of  thè  seed. 

A  minimum  of  20  seeds  of  one  type  was  used  in  thè  calculations;  in  cases  of  easy  access 
100  seeds  per  plant  were  collected. 


14* 
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The  correlations  between  seed  numbers  and  berry  sizes  per  berry  were  examined  by 
means  of  a  regression  analysis;  thè  results  are  given  as  correlation  coefficients,  data  pairs, 
regression  coefficients  with  their  significance  and  thè  regression  equation. 

The  mathematical-statistical  calculations  that  have  been  applied  are  principally  based 
on  thè  work  of  Svàb  (1967). 


Results 

In  our  research  we  examined  also  thè  origin  of  thè  wild  vine  populations 
since  in  thè  case  of  every  plant  which  has  also  a  category  of  cultivated  form, 
thè  suspicion  of  thè  plant  having  been  escaped  froin  domestication  inevitably 
arises.  Another  view  is  that  which  simply  considers  all  wild  vine  plants  as  thè 
remnants  of  old  civilizations,  that  is  “escapes”.  I  have  already  used  thè  method 
of  investigating  thè  origin  of  other  plants,  too  (TerpÓ  1960);  thè  fruitfulness 
of  this  method  has  emerged  especially  in  thè  case  of  wildgrowing  Pyrus  stands. 

Wild  vine  stands  can  be  classified  into  thè  following  groups: 

(1)  Autochthon  stands  or  species ,  thè  origin  of  which  can  be  proved 
irrespective  of  any  doubt  (by  means  of  cenological,  palaeontological  and 
archaeological,  etc.  methods).  Similarly,  as  every  plant,  anyhow  these  originai 
basic  species  can  be  drawn  into  cultivation  (for  example  as  stock  cultivars, 
or  ornamentai  plants)  as  well,  when,  however,  they  maintain  their  originai 
cliaracteristics.  Such  vine  plant  is  Vitis  sylvestris  in  thè  examined  area. 

(2)  Subspontaneous  vines ,  which  are  adventitious  elements  for  thè 
naturai  flora  (Figs  1  and  2).  They  can  behave  in  an  ephemeral  way  or 
as  naturalized  plants  and  can  become  permament  members  of  thè  naturai  flora 
in  Europe  as  well;  such  are  for  example  V.  riparia.  These  plants  under  such 
ecological  conditions  that  is  they  are  similar  to  their  originai  habitat,  are 
(a)  competitive;  (b)  resistant  to  various  diseases  and  insect  damages  to  localities 
at  least  to  as  high  an  extent  as  in  their  originai  lands;  (c)  their  variability  also 
attains  thè  degree  detectable  in  their  old  habitat:  (d)  they  spontaneously 
hybridize  with  thè  related  species  to  be  found  here.  All  these  allow  us  in  Hun- 
gary  to  infer  in  thè  case  of  V.  riparia  that  thè  secondary  centre  of  origin  of 
thè  species  has  developed  here  (of  which  hybridization  is,  of  course,  not  a 
criterion). 

2.1.  Subspontaneous  basic  vine  species  (see  thè  foregoing  paragraph). 

2.2.  Subspontaneous  variety  (cultivars).  In  thè  course  of  our  researches 
we  have  found  a  few  plants  of  direct  producer  of  variety  in  subspontaneous 
state  in  Hungary.  The  subspontaneously  growing  roots  of  thè  variety  tradi- 
tionally  cultivated  here  (for  example,  ‘Hàrslevelu’,  4Furmint’  and  ‘Kòvi- 
dinka’)  have  not  been  found  in  thè  originai  vegetations.  For  thè  time  being  only 
one  plant  of  V.  vinifera-like  vine  has  come  into  light  in  thè  subspontaneous 
state  from  thè  outskirts  of  thè  village  Csesznek  in  thè  Bakony  Mountains. 

(3)  Culture  relicts .  In  discontinued  plantations,  viticultures  often  con¬ 
tinue  to  grow  where  they  had  been  cultivated  even  at  thè  time  when  as  a 
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Fig.  1.  Feral  Vitis  riparia  Michx.  in  thè  edge  of  thè  reed  bank;  Békésszentandràs  1962 

(photo:  A.  Terpó) 


Fig.  2.  Feral,  direct  producing  vine  cultivar  of  V.  labrusca  origin;  Iregszemcse  1965  (photo: 

A.  Terpó) 
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result  of  succession  thè  area  is  gradually  reclaimed  by  thè  originai  flora. 
Owing  to  various  causes  (wars,  phylloxera),  mainly  in  thè  Hungarian  Central 
Range  of  Mountains,  thè  plantations  of  thè  mountain  sides  often  were  aban- 
doned.  Unfortunately,  in  these  areas,  where  in  several  cases  naturai  forest 
stands  have  already  developed  (for  example,  Tàllya  in  thè  Zemplén  Moun¬ 
tains),  no  vine  plants  of  several  centuries  old  have  been  found.  In  thè  areas 
thè  flora  of  which  originates  from  only  thè  last  30 — 100  years  (after  thè 
phylloxera  plague),  V.  vinifera  cultivars  were  found  in  a  very  run-down  state, 
and  some  relatively  more  vigorous  direct  producers  (for  example,  thè  cultivar 
‘Jacquez’,  which  is  of  V.  aestivalis  origin)  in  thè  abandoned  vine-yards  of  thè 
Pilis  Mountains. 

Nor  did  we  find  thè  continuation  of  reproduction  of  thè  cultivars  in 
these  areas.  On  thè  other  liand,  thè  under-stock  vines  manifest  great  vitality 
in  thè  abandoned  vine  plantations,  first  of  all  thè  V,  riparia  derivatives,  but 
thè  plants  of  V.  berlandieri  and  V.  rupestris  origin  live  also  for  a  rather  long 
time  (Piate  II). 

The  method  of  Levadoux  (1956)  was  to  classify  wild  vine  stands  also 
according  to  their  origin.  Levadoux’s  point  of  departure  is  thè  supposition 
that  thè  origin  of  feral  vine  plants  can  he  traced  back  to  one-time  cultivated 
but  later  abandoned  vine  plantations  where  they  reached  a  wild-growing  state. 

We  cannot  start  from  this  standpoint,  i.e.  beginning  thè  “system”  of 
wild-growing  vine  stands  wdth  cultivated  vines,  since  at  thè  very  beginning 
thè  thought  would  arise  that  we  want  to  deduce  autochthon  species  from  culti¬ 
vated  varieties. 

We  can  prove  without  doubt  that  V.  sylvestris  has  been  autochthon 
(JÀrai-Komlódi,  1966;  1968;  1969)  in  thè  area  of  Hungary,  in  thè 

Carpathian  Basin,  since  thè  post-glacial  warm  periods  (7500  B.C.);  wild 
vine  stands  are  primary  to  thè  cultivated  vine  stands  of  various  origin. 
The  European  wild  vine  which  had  lived  in  this  area  as  early  as  thè  Atlantic 
phase  (Holocene  5th  zone)  can  without  hiatus  he  fit  into  thè  category  of  V . 
sylvestris  forin  which  exists  today.  (On  this  question  we  shall  report  in  detail 
at  a  later  date). 

If  we  want  to  group  thè  wild-growing  fruit-plants  according  to  their 
“origin”,  automatically  thè  question  arises  whether  only  thè  state  of  going 
feral  is  possible;  we  think  that  domestication  also  exist  and  did  exist,  and  we 
must  emphasize  that  thè  cultivated  vines  of  today  have  come  into  existence  in 
this  way.  The  process  of  domestication  cannot  be  left  out  of  consideration.  To 
this,  significant  examples  are  to  be  found  in  Pyrus  species,  in  Bulgaria  and 
Yugoslavia,  where  several  wild  Pyrus  species  are  autochthon.  The  very  prim¬ 
itive  cultivars  are  stili  “pure”  species  derivates  and  are  not  thè  elements  of  thè 
so-called  multi-hybrid  garden  pears.  These  forms  are  not  thè  products  of  going 
feral,  but  are  on  thè  boundaries  between  wild  and  cultivated  state. 
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Similarly  as  in  thè  case  of  other  fruit-growing  plants,  we  shall  have  to 
suppose  that  thè  coltivateci  V.  vinifera  segregateci  from  a  V.  vinijera  population 
which,  although  it  was  growing  wild,  had  already  been  bisexual.  Bisexuality 
also  meant  a  guarantee  for  a  higher  production  rate  and  promoted  a  better 
fertility  rate  and,  indirectly,  thè  formation  of  larger  berries.  (We  cannot  now 
go  into  details  of  this  topic.) 

Habitat  data.  For  thè  presentation  of  earlier  Vitis  habitat  data  thè 
most  appropriate  thing  to  do  is  to  quote  thè  Austrian  Kerner  (1875),  who 
paid  attention  to  thè  occurrence  of  \  ine  both  in  thè  Hungarian  Central  Range 
of  Mountains  (Pilis  Mountains),  and  thè  areas  of  thè  Hungarian  Plain:  “nir- 
gends  aber  schòner  und  in  gròsserer  Menge  als  zwischen  Visegràd  und  Szt. 
Làszló,  wo  auf  einer  Strecke  von  mehreren  Jochen  im  Buchenwalde  fast 
jeder  Baumstrunk  des  Hochwaldes  von  Weinreben  umrankt  und  die  Bauin- 
kronen  mit  den  iippigsten  Rebengewinden  iibersponnen  sind.  Massenhaft  in 
den  Auen  im  Stromgelànde  der  Donau  bei  (Pàrkàny)  Nana  und  auf  dei* 
Margaretheninsel  bei  Ofen  (Budapest),  wo  die  Reben  uralter  Weinstòcke 
bis  zu  den  hòchsten  Wipfeln  der  Pappeln  und  Eichen  emporklettern.  In  der 
Stuhlweissenburger  Niederung  im  Walde  bei  Yajta  und  auf  der  Kecskemeter 
Landhòhe  in  den  Waldern  bei  Monor  und  Pilis  und  auf  Puszta  Peszér  bei 
Alsó  Dabas.”  Thus,  wild  vine  —  presumably  and  mostly  V .  sylvestris  — 
had  a  mass  occurrence  in  Hungary.  Today  we  can  see  only  thè  traces  of  thè 
one-time  frequency  of  V.  sylvestris ,  thè  last  decaying  roots,  which  are  partly 
replaced  by  thè  spreading  V.  riparia ,  alongside  with  our  large  rivers  (Fig.  3). 

In  thè  light  of  cenological  literary  data  (Soó,  1966),  V.  sylvestris  is  a 
Salicion  albae  and  Alno-Padion  species  ( Fraxino  pannonicae-Ulmetum ,  Salice - 
tum  albae-fragilis)  of  narrow  forests  along  watercourses.  Our  researches  into 
origins  were  launched  on  thè  basis  of  data  partly  from  former  flora  works 
and  literary  reports  (Borbas,  1879;  Boros,  1925;  Gàyer,  1925;  1928;  I’só,  1954, 
Javorka,  1924 — 1925;  Kerner,  1873;  1875;  Magyar,  1960;  Màthé,  1936; 
Neilreich,  1866;  Ràthay,  1888;  1889;  1893;  Zólyomi,  1958)  and  partly  from 
personal  communication  with  botanists,  and  specialists  of  horti-  and  sylvi- 
culture  ( e.g .  Z.  Kàrpàti,  I.  Karpati,  M.  Ùjvarosi,  I.  Mathé,  J.  Papp  and 
G.  Vida).  Our  results  are  as  follows. 

(a)  At  a  few  points  of  thè  Hungarian  Central  Range  of  Mountains, 
Vitis  sylvestris  stili  occurs  in  a  very  small  number;  namely,  (i)  in  thè  Naszàly 
Mountain  below  thè  Borzsòny  Mountains,  (ii)  in  thè  Northern  Bakony  Moun¬ 
tains,  (iii)  at  Diósgyor  on  thè  eastern  flank  of  thè  Biikk  Mountains,  and 
(iv)  in  thè  Zemplén  Mountains.  (We  have  only  a  herbarium  sheet  of  thè  plant 
obtained  from  thè  Biikk  Mountains,  thè  plant  of  thè  Zemplén  Mountains  has 
been  cut  out.^ 

Another  of  thè  most  precious  habitats  lies  in  thè  Southern-Trans- 
danubian  part  of  Hungary,  where  —  in  thè  “Zselicség”  and  on  thè  southern 
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Fig.  3.  Vitis  riparia  Michx.  in  thè  willow-poplar  groves  of  “Toserdo”  alongside  thè  river 
Tisza;  Lakitelek  1975  (photo:  Gy.  Terpó) 

slope  of  thè  Mecsek  Mountains  —  some  extensive  stands  of  Vitis  sylvestris 
occur  here  and  there. 

Grove  vine  grows  in  habitats  Nos  (i)  and  (ii)  in  thè  beech  forest  zone. 
It  is  characteristic  of  thè  association  [Melico- Fagetum(Melitti- Fagetum  Soó  62)] 
that  it  consists  of  trees  not  of  thè  same  age.  The  vines  creep  up  to  enorinous 
beech  trees  that  have  lived  up  to  at  least  two  cutting  turns  (about  200  years 
old).  Acer  pseudo-platanus ,  Cerasus  ( Prunus )  avium  and  Fraxinus  excelsior 
also  are  to  be  found  in  thè  tree  stratum  in  addition  to  thè  beech  trees.  Hedera 
helix ,  Carex  pilosa ,  Vinca  minor ,  Viola  silvestris ,  Asperula  odorata  and  Lamium 
geleobdolon  appear  in  thè  herb  stratum  (frequently  as  facies)  with  a  rather  large 
coverage  (A — D:  1 — 3).  In  thè  Bakony  Mountains,  even  Arum  alpinum 
occurs  frequently.  In  thè  Bòrzsòny  Mountains,  Carpinus  betulus  and  in  thè 
Bakony  Mountains  Quercus  cerris  and  Acer  campestre  push  inward  thè  stands 
of  thè  beeches. 
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1  2  3  4  5  -N- 

Piate  I.  Vitis  sylvestris  Gmel.  from  thè  forests  south  of  Kaposvàr,  in  thè  Transdanubian 

Hills  drawn  by  Mrs.  F.  Lexa 

In  habitat  No.  (i),  in  associations  of  talus  slopes  with  linden  woods 
( Mercuriali-Tilietum  Zólyomi  et  Jakucs  58),  V.  sylvestris  grows  in  thè  almost 
impenetrable  shrubbery  of  Clematis  vitalba  and  Staphylea  pianata ,  and  it 
even  creeps  up  to  thè  crowns  of  Fagus  silvatica  and  Tilia  platyphyllos  (TerpÓ, 

1969). 

(b)  The  V.  sylvestris  habitats  of  hilly  countries  and  flat-lands  in  Hun- 
gary  are  also  worthy  of  note.  Grove  vine  occurs  in  greatest  number  in  thè 
Tilio  ar gente  ae-Quercetum  petraeae-cerris  Soó  57  association  in  Hungary,  in 
thè  habitats  of  Southern-Transdanubian,  Zselicség,  south  of  Kaposvàr. 
Besides  thè  characteristic  sub-Mediterranean-Illyrean  species  of  thè  associa- 
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Piate  II.  Vitis  riparia  Michx.  from  thè  Island  of  Hàros  alongside  thè  Danube  near  Budapest 

(drawn  by  Mrs.  Lexa) 


tions  which  have  developed  on  loess  soil  ( Tilia  argentea ,  Rosa  arvensis ,  Helle- 
borus  odorus ,  Tamus  communis ,  etc.)  Fagus  silvatica  also  occurs  sporadically. 
It  was  only  here  that  thè  revival  of  V.  sylvestris  from  seeds  could  he  ex- 
perienced. 

Grò  ve  vine  has  disappeared  from  thè  overwhelming  majority  of  our 
flat-land  areas.  A  few  specimens  of  it  grow  on  thè  edges  of  small  forest  spots 
in  thè  habitat  remnant  embraced  by  thè  towns  of  Pécs  and  Szigetvàr  and 
by  thè  river  Dràva.  These  hornbeam  grove  associations  of  thè  Hungarian 
Plain  (Querco  robori-Carpinetum  Soó  et  Pócs  (31)  57b)  represent  a  transition 
to  thè  oak-ash-elm  groves  which  are  dose  to  them  both  ecologically  and 
floristically;  thè  rather  frequently-occurring  Acer  tataricum  is  remarkable, 
while  in  thè  herb  layer  Aram  alpinum  is  replaced  by  Arum  maculatimi. 

It  is  characteristic  of  thè  entire  European  area  of  distribution  of  V. 
sylvestris  that  it  follows  river  courses.  As  it  has  been  mentioned  in  thè  intro- 
duction,  V .  sylvestris  occurred  in  masses  in  thè  whole  of  its  European  area. 
Today  it  is  rare  everywhere. 
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Fig.  4.  Old  Vitis  sylvestris  Gmel.  (grove  vine)  in  an  island  along  thè  Danube;  Alsógòd  1970 

(photo:  A.  Terpó) 

Vitis  sylvestris  is  to  be  found  in  a  very  small  number  (sometimes  only 
a  plant  here  and  there,  as  for  example  on  thè  banks  of  thè  Danube  near 
Szentendre)  in  a  few  stands  of  thè  oak-ash-elm  groves  ( Fraxino  pannonicae- 
Ulmetum  Soó  60).  It  is  characteristic  of  thè  association  that  on  higher  altitude 
Quercus  robur  (A — D:  1 — 3),  Acer  campestre  (1 — 2),  Ulmus  foliacea  (1 — 3), 
U .  laevis  (1),  Acer  tataricum  (1),  Corylus  avellana  (1 — 2)  and  Ligustrum  vulgare 
(1 — 2),  while  on  herb  stratum  Iris  variegata ,  Arum  maculatimi ,  A.  alpinum , 
Galanthus  nivalis ,  Convallaria  majalis ,  Scilla  bifolia ,  Polygonatum  latifolium , 
and  P.  multiflorum  are  frequent  (Fig.  4). 

On  river  terraces  thè  slope  of  which  are  shelter-like,  V .  sylvestris  associa- 
tions  join  together,  mix  with  thè  Salicetum-albae-fragilis  Issler  26  em.  Soó  57 
species  which  is  usually  characteristic  of  thè  next,  lower  terraces.  In  these 
cases,  Populus  alba  (A — D:  2 — 3)  and  Fraxinus  pannonica  (1)  appear  with 
greater  coverage,  but  in  certain  areas  thè  feral  species  appear  in  great  masses. 
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Thus,  Acer  negundo ,  Morus  alba ,  Celtis  occidentali s ,  Amorpha  fruticosa  and 
Parthenocissus  quinquefolia  can  be  referred  to  as  generally  wide-spread  in 
these  areas. 

The  true  habitat  of  Vitis  riparia  is  found  mostly  in  this  willow-grove. 
The  extensive  establishments  of  this  so-called  riverside  vine  usually  develop 
into  impenetrable  “jungle”,  often  overlapping  into  thè  shrub-willows  ( Salice - 
timi  triandrae  Malcuit  29  and  Salicetum  purpureae  Wendelberger — Zelinka  52; 
thè  latter  by  thè  Danube  bank)  and  into  thè  hardwood  groves  lying  on  thè 
higher  terraces  (Fraxino  pannonicae-Ulmetum ),  especially  along  thè  stream 
Bodrog  and  thè  Danube.  The  hybrids  of  thè  two  vine  species  are  found  also 
in  thè  transitory  zone.  Vitis  riparia  by  creeping  up  thè  trees,  gradually  inter- 
twines  thè  Salix  and  Populus  species,  and  also  thè  crown  of  Ulmus  laevis, 
producing  thereby  huge  green  curtains  which  are  tent-  and  labirinth-like  at 
thè  same  time.  The  mass  of  lianes  of  a  great  weight,  sooner  or  later  “strangles”, 
thè  trees,  due  to  covering  their  foliage;  thè  weakened  or  destroyed  trees  inter- 
woven  by  masses  of  lianes  fall  onto  tlie  ground  giving  thè  area  thè  appearance 
of  a  tropical  undisturbed  jungle. 


The  fruit  of  vine 

Fruit-growing  plants  are  usually  first  examined  as  far  as  thè  distin- 
guishing  character  of  thè  fruit,  thè  development  of  thè  characters,  thè  cor- 
relation  between  useful  and  less  valuable  diagnostic  characters  are  concerned. 
The  fruit  characteristics  of  wild-growing  basic  species  (parent  species)  are 
essential  from  thè  viewpoint  of  survival  and  spread  of  thè  plant  but  —  since 
in  thè  investigations  into  cultivated  plants  thè  basic  species  may  represent 
thè  “reai  control”  —  thè  results  obtained  in  this  way  are  also  worthy  to  be 
used  in  cultivated  plant  researches  (by  improving  them). 

Maturing  time.  According  to  Gmelin  (1805),  V.  sylvestris  is  of  late 
ripening:  “Baccas  maturat  Novembri”.  Our  own  observations  generally  con¬ 
fimi  him.  In  thè  habitat  areas  of  both  thè  Bakony  Mountains  and  thè  Zselic- 
ség  (south  of  Kaposvàr)  certain  specimens  occur  whose  fruit  ripen  only  in 
10%.  And  when  thè  December  freeze  ensues,  thè  clusters  remain  on  thè  leaf- 
less  lianes,  often  until  spring-time.  Owing  to  thè  variability  of  thè  popula- 
tions  certain  specimens  of  thè  vine  establishments  ripen  already  as  early  as 
thè  end  of  September  (Fig.  5). 

The  fruits  of  V .  riparia  ripen  earlier:  from  thè  end  of  August.  A  larger 
proportion  of  maturing  time  falls  in  September.  It  is  a  remarkable  phenom- 
enon  that  thè  riparia  X  sylvestris  hybrids  are  mostly  early  maturing  (second 
balf  of  August)  and  that  they  are  much  favoured  by  birds. 

The  clusters  of  thè  wild  vine  species  mentioned  above  are  generally 
loose  (Figs  5  and  6);  this  refers  especially  to  V.  sylvestris.  Dense  squat  clusters 
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Kg.  5.  Branched-winged  clusters  of  Viti,  sylvestris  Gmel.;  thè  fruii  gathered  in  October  1975 
stl11  unmatured  (green);  Csoszpuszta,  Bakony  Mts.  (photo:  H.  B.) 


Fig.  6.  Loose  clusters  of  Viti,  riparia ,  Michx September  1975;  wiUow  groves  aloug  thè  rivi 

lisza;  Csongrad  (photo:  H.  B.) 


! 
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are  to  be  found  mostly  in  V.  riparia  (Fig.  7).  The  clusters  of  both  species  are 
usually  aliform  (with  developed  side-  clusters);  from  thè  sometimes 
bifurcated  branches  twin-clusters  develop  (thè  right-side  clusters  in  Fig.  5); 
thè  length  of  thè  clusters  is  variable,  and  it  is  usually  characteristic  of  thè 
individuai  plants.  Clusters  of  17  cm  length  together  with  thè  pedicel  of  thè 
berry  (2 — 5  cm)  are  found  only  in  a  few  specimens  of  V.  sylvestris  and  riparia . 


Fig.  7.  Dense,  winged  clusters  of  Vitis  riparia  Michx.;  September  1975;  willow  groves  along 
thè  river  Tisza;  Csongràd  (photo:  H.  B.) 


In  both  species  thè  clusters  are  generally  3.5 — 10  cm  long.  One  shoot  mostly 
bears  two  clusters,  but  three  clusters  may  also  occur.  For  example,  in  one  of 
thè  specimens  of  V.  sylvestris  occurring  in  thè  Zemplén  Mountains,  clusters  by 
shoots  were  found  in  thè  following  numbers:  2,  3,  2,  3,  2,  2,  2,  3,  2,  2,  2,  2,  1, 
2,  2,  2,  2,  2,  3. 

The  variance  of  thè  cluster-length  is  significant.  In  V.  riparia  it  is  be- 
tween  medium  and  strong  variability  (s%  =  CV  =  21.3%),  in  V.  sylvestris  it 
is  even  greater  than  that  (s%  =  37.9%). 

The  total  number  of  berries  was  also  determined;  this,  in  most  cases, 
sliows  a  small  value,  which  can  be  traced  back  to  thè  loose-type  of  cluster, 
and  of  course,  to  its  relative  smallness.  In  Table  1  some  data  are  given  com- 
pared  to  those  of  V.  vinifera  species.  (The  data  of  thè  latter  are  taken  from 
thè  ampelograph  of  Németh,  1967.) 
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The  berry  number  of  V.  riparia  given  in  thè  above  table  is  extremely 
characteristie  of  thè  wild-growing  stand,  which  is  clearly  demonstrated  also 
by  Figs  6  and  7.  There  are  even  greater  deviations  than  that,  when  berry 
numbers  attain  70 — 100  (e.g.  in  thè  case  of  a  few  V.  riparia  along  thè  Danube). 

In  thè  case  of  both  wild-growing  species,  thè  variance  in  berry  number 
is  greater  than  that  experienced  with  regard  to  thè  clusters.  The  variation 
coefficient  of  V.  sylvestris  (s%  =  47.3%)  basically  shows  wide  fluctuation; 
in  reality,  deviations  from  thè  average  to  such  a  large  extent  are  frequent 
even  within  thè  individuai  plants. 

Berry  sizes  and  weights  are  also  characteristie  of  thè  two  wild  species 
(Tables  1  and  2).  The  variation  coefficients  of  both  V.  sylvestris  and  V.  riparia 
show  that  thè  length  and  diameter  values  are  of  greater  stability.  It  is  interest- 
ing  that  thè  variation  coefficient  of  thè  diameter  shows  a  smaller  significance 
in  both  species  (in  V.  sylvestris  10.2%,  in  V.  riparia  9.6%;  while  thè  length 
values  are  14.2%  and  11.6%  respectively). 

In  Table  2,  we  give  data  of  riparia  vines  from  Danube-banks  (with  one 
exception);  their  berries  are  to  a  certain  extent  larger  than  those  of  thè  plants 
from  Tisza-banks.  In  Hungary  thè  mean  value  does  not  surpass  8  mm  even 
in  this  comparison,  accordingly  it  may  be  inferred  that  thè  berry  size  of 
V.  riparia  stands  is  generally  between  6  and  8  mm. 

The  mean  berry  size  of  V.  sylvestris  appears  to  be  above  8  mm.  This, 
even  within  one  plant,  may  reach  10  mm  in  length  or  diameter;  e.g.  thè  V. 
sylvestris  plants  growing  along  thè  Danube  below  Budapest  Hàros  (S-2  in 
Table  2)  have  fruit  length  and  diameter  values  related  to  data  from  100 
berries  can  be  given  as  follows:  1  =  10.9  —  6.5,  d  =  10.8  —  6.0. 

Berry  weight  usually  show  a  correlation  with  thè  length  and  diameter 
data.  Flesh  in  thè  V.  sylvestris  forms  is  of  a  greater  weight  than  in  V.  riparia 
(this  will  be  seen  later  on,  at  thè  evaluation  of  thè  seeds).  We  should  mention 
only  incidentally  that,  since  thè  berries  belonging  to  a  cluster  weights  are 
very  low. 

Weight  of  one  cluster 

V.  sylvestris  No.  H.  100  12  g 

_ No.  H.  S-2  20  g 

V.  riparia  No.  H.  105  12  g 

No.  H.  104  20  g 

Among  thè  cultivated  vines  appearing  in  our  tables, ‘Chardonnay  blanc’ 
has  a  69  g  mean  cluster  weight,  while  ‘Cabernet  sauvignon’  59  g. 

Among  thè  shape  characteristics  of  thè  berries,  we  use  habitus  to  char- 
acterize  thè  category.  Table  2  provides  data  on  thè  length  and  diameter 
of  thè  berry,  and  from  these  we  can  infer  that  our  wild  vines  have  globular, 
slightly  flattened  berries.  Slightly  oblong  berries  (they  are  usually  of  a  drop- 
shape)  were  found  in  a  few  of  Danube-side  V.  sylvestris. 
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Table  1 


Comparison  of  thè  diagnostic  characters  of  Vitis  sylvestris  and  V.  riparia  clusters  ivith  thè  data 

of  a  few  cultivated  vine  cultivars 


Name  of  species 

Length  of  cluster, 
cm 

Type  of  cluster 

No.  of  berries 

Vitis  sylvestris 

Szentlorinc  No.  1 

7.6 

Loose -f- cluster  branch 

60 

Szentlòrinc  No.  3 

3.5 

Dense 

12 

Szentlorinc  No.  4 

6.0 

Dense -(-cluster  branch 

31 

Szentlorinc  No.  5 

5.2 

Dense -(-cluster  branch 

26 

Botykapeterd-63 

8.8 

Yery  loose -f- cluster  branch 

39 

Nagypeterd  U-63 

8.9 

Very  loose  4-cluster  branch 

35 

Hàros  S-2 

12.0 

Very  loose -[-cluster  branch 

of  7  — 8  cm 

60 

Average  and  standard  deviation 

(X+n) 

7. 4  ±2. 81 

37  ±17.53 

S% 

37.9% 

47.3% 

Vitis  riparia 

Hàros  No.  8-75 

10.0 

Loose  -f-  cluster 

43 

branch 

Hàros  No.  13 

7.3 

Loose  ^cluster  branch 

38 

Papsziget  No.  15-74 

7.8 

Dense 

38 

Papsziget  No.  41 

5.0 

Cylindrical-Dense 

21 

Papsziget  No.  79 

6.2 

Loose-cylindrical 

33 

Csongràd-75 

7.0 

Loose-  cluster 

24 

Mindszent  No.  8 

8.0 

branch 

31 

Average  and  standard  deviation 

X±s- 

7.3  +  1.56 

32+7.93 

oO/ 

*  /o 

21.3% 

24.7% 

Vitis  vinifera 

Medoc  noir 

12.0 

Dense 

50 

Chardonnay  blanc 

12.0 

Dense 

54 

Cabernet  sauvignon 

14.0 

Loose-branched 

66 

Kòvidinka 

14.0 

Dense 

99 

Kadarka 

15.0 

Dense 

76 

Kékfrankos 

15.0 

Dense 

107 

Average  and  standard  deviation 

X±s- 

13.6±1.36 

75+23.44 

s% 

10% 

31.2% 

s%  =  CV  =  variatimi  coefficient 
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Table  2 


Size  and  weight  of  berries 


Name  of  species 

Berry 

size,  mm 

Weight  of  100  berries. 

L 

Dia 

g 

Vitis  silvestris 

Szentlorinc  No.  1 

8.8 

9.1 

42.00 

Szentlorinc  No.  2 

7.6 

7.8 

30.00 

Szentlorinc  No.  3 

9.5 

9.5 

52.16 

Szentlorinc  No.  4 

9.6 

9.4 

52.98 

Szentlorinc  No.  5 

8.3 

9.2 

33.16 

Botykapeterd-63 

9.1 

9.3 

50.21 

Nagypeterd  U-63 

8.5 

8.6 

38.84 

Kacsóta  No.  2 

9.1 

8.7 

44.84 

Kacsóta  No.  5 

8.2 

8.6 

34.72 

Simonfa  No.  18 

6.4 

6.8 

16.66 

Hàros  S-2 

8.6 

8.3 

40.00 

Hàros  (Hybrid)  No.  15-68 

11.6 

10.3 

56.00 

Average  and  standard  deviation 

(X±*ì) 

8.7+1.24 

8.8+0.9 

40.96+11.33 

•% 

14.2% 

10.2% 

27.6% 

Vitis  riparia 

Hàros  No.  6-64 

7.7 

8.1 

31.68 

Hàros  No.  13 

7.4 

7.4 

29.30 

Papsziget  No.  5-63 

8.9 

8.9 

38.88 

Papsziget  No.  6 

8.5 

8.5 

45.08 

Papsziget  No.  8 

8.4 

8.6 

39.96 

Malomszòg  No.  110 

6.4 

6.9 

24.21 

Average  and  standard  deviation 
(X±*7) 

7.8+0.91 

8.0+0.77 

34.85+7.75 

s% 

11-6% 

9-6% 

22.2% 

Vitis  vinifera 

Medoc  noir 

15.5 

14.1 

180.00 

Chardonnay  blanc 

14.0 

13.7 

150.00 

Cabernet  sauvignon 

13.7 

12.8 

120.00 

Kòvidinka 

16.2 

15.3 

180.00 

Kadarka 

14.8 

14.3 

160.00 

Kékfrankos 

14.8 

14.4 

170.00 

Average  and  standard  deviation 
(X±s7) 

14.8+0.92 

14.1+0.82 

160.00+22.80 

•% 

6-2% 

1 

5-8% 

14.2% 

15 
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Comparing  thè  data  given  in  Table  2,  a  correlation  between  berry  sizes 
and  weights  may  also  be  inferred.  This  supposition  has  been  confirmed  also 
by  thè  calculation  of  thè  SPEARMAN-type  rank-correlation  coefficient.  The 
significance  analysis  of  thè  berry  length  and  berry  weight  correlation  shows 
that  thè  correlation  is  dose  in  both  species. 

In  thè  case  of  V .  sylvestris ,  thè  calculated  r  between  thè  two  features 
is  —)—0.979,  which  is  considerably  greater  than  thè  r  value  (0.5760)  given  at 
a  probability  level  of  P  =  5%  for  thè  statistical  control  of  thè  rank-correla- 
tion  coefficient.  A  similarly  dose  correlation  can  he  stated  when  exainining 
thè  correlation  between  berry  diameter  and  berry  weight,  although  this  value 
is  to  a  certain  extent  smaller  than  thè  previous  one.  In  this  case,  thè  value 
of  thè  rank-correlation  coefficient  r,  at  a  probability  level  of  P  =  5%,  is 
+  0.853,  which  is  again  higher  than  thè  value  given  for  its  statistical  control 
(r5%  =  4.227). 

Comparing  berry  lengths  and  berry  weights  of  V .  riparia ,  thè  result  is 
also  significant  but  not  so  dose.  The  calculated  r  =  +0.828  is  higher  than  thè 
r  value  given  at  P  =  5%  probability  level  (it  is  0.8114).  It  is  remarkable  that 
no  correlation  exists  between  berry  diameter  and  weight  already  at  P  =  5% 
level.  According  to  thè  correlation,  thè  calculated  r  =  +0.7714  value  is 
greater  than  thè  given  value  (r10O/o  =  0.7293)  at  thè  probability  level  inentioned. 

The  examined  correlations  cali  attention  to  thè  fact  that  in  thè  grow- 
ing  of  thè  vine  berry,  thè  berry  weight  may  considerably  increase  with  thè 
increase  in  length,  which  is  experienced  primarily  with  cultivated  vines.  As 
will  be  seen  later  on,  thè  increase  in  thè  seed  number  or  seed  weight  is  never 
of  such  a  great  extent  as  that  of  flesh. 

The  colour  of  vine  berries  is  blue,  black  or  bluish  black;  this  is  character- 
istic  of  thè  basic  species  of  thè  Vitis  genus.  The  berries  of  our  two  main  wild 
vine  species  are  often  pruinose  and  this  waxy  cover  almost  entirely  deface 
thè  originai  colour  of  thè  berry.  Therefore,  thè  V.  riparia  fruits  are  often 
of  a  sky-blue  colour.  The  fruit  wall  is  usually  plain  (unsculptured)  and  more 
rarely,  tiny  para-flecks  (dotted)  are  sporadically  found  in  certain  forms.  In 
describing  thè  berry,  we  use  thè  size  of  thè  pistil  remains  (stigma);  it  is  especi- 
ally  developed  in  certain  V.  riparia  forms.  In  Hungary  no  forms  of  white  berries 
have  been  found.  On  my  wild  vine  study  tour  in  Yugoslavia  I  could  gather 
extremely  tiny,  white-coloured  V.  sylvestris  fruits  from  thè  karst  area  above 
Rotori.  TuRKOVid  (1955)  reported  thè  occurrence  of  V.  sylvestris  plants 
with  white  berries  growing  in  other  areas  of  Yugoslavia 

The  fruit  of  V.  sylvestris  is  pleasant  acidic  to  thè  taste.  The  berry  of 
V.  riparia  is  of  characteristic  “labrusca”  taste,  often  of  “grass-taste”  more 
rarely  it  is  sweetish;  its  flesh  is  “jelly-like”  in  character,  thè  quantity  of 
juice  obtainable  from  it  is  very  small;  its  skin  is  tough.  The  stands  of  V. 
sylvestris  include  both  thin  and  tough  skin  forms. 
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The  seed 

The  characteristics  of  thè  seecl  of  vine  plants,  especially  in  connection 
with  thè  origin  of  V.  vinifera  species,  have  been  studied  by  very  many  authors, 
like  Andrasovszky  (1915,  1926),  Goethe  (1881,  1887),  Facsar  (l.c.),  Kirch- 
heimer  (1939;  1955),  Baranov — Negrul’ — Frolov  (1955),  Krimpas  (1943), 
Levadoux  (1956),  Ianouchieyitch-Peliach  (1971),  Pratt  (1971),  Schie- 
mann  (1953),  Negrul’  (1946;  1960;  1968),  Vassilczenko  (1947),  Potebnja 
(1911),  etc.  It  is  indeed  for  thè  first  time  that  data  has  been  published  on  thè 
seeds  of  wild  vine  stands  in  Hungary,  of  course,  without  a  claim  of  completeness. 

In  taxonomic  works,  investigating  thè  evolutionary  state  of  vines, 
thè  diagnostic  value  of  thè  vine  seed,  in  contrast  to  thè  other  organs  of 
thè  plant,  is  stili  considered  primary  even  today  (e.g.  Levadoux,  l.c.;  Neg¬ 
rul’  l.c.). 

According  to  thè  basic  equation,  in  thè  pistil  of  thè  vine,  in  thè  two- 
carpelled  and  two-celled  ovary,  2-ovuled  cells  are  differentiated;  from  this, 
theoretically,  giving  rise  to  four  seeds.  The  pistil  may  consist  of  three  carpels 
also  in  our  wild  vines;  accordingly  a  total  of  six  seeds  develop.  In  both  vine 
species,  very  rarely  6  seeded  berries  can  be  found.  The  number  of  seeds  per 
berry  naturally  influences  thè  outline  of  thè  seeds  to  a  considerable  extent, 
which  is  given  in  Fig.  8. 

It  is  clearly  observable  also  in  thè  previous  figure  that  thè  regular 
dorso-ventral  character  of  thè  vine  seeds  (in  thè  case  of  1-seeded  berries) 
becomes  distorted  in  thè  case  of  2-seeded  berries.  The  extent  of  thè  distor- 
tion  depends  also  on  whether  thè  seeds  have  developed  from  both  ovules  of 
only  one  celi  or  from  one  ovule  of  each  celi  (Fig.  8).  The  situation  is 
slightly  analogous  with  regard  to  thè  3-seeded  berries.  The  approaching  of 
thè  basai  placentation  to  thè  pedicel  of  thè  berry,  or  its  moving  off,  can  be 
noticed  in  thè  ovary,  effecting  also  thè  shape  of  thè  fruit. 

The  sizes  of  thè  shape  characteristics,  and  of  thè  sculptural  elements 
of  thè  surface  were  determined  on  thè  basis  of  thè  sketch  given  in  Fig.  9. 
I  have  taken  into  consideration  thè  seed  classification  which  has  been  used 
so  far  in  thè  literature,  so  that  thè  data  obtained  until  now  in  wild  vine  re- 
search  could  be  compared  with  those  of  my  own  research.  Similarly,  when 
using  terms  describing  shape  characteristics  and  parts  of  thè  seed,  I  en- 
deavoured  to  choose  a  terminology  corresponding  to  that  used  in  ampelo- 
graphy  and  botany. 

Several  authors  have  given  a  summary  of  thè  role  played  by  seed  char¬ 
acteristics  in  systematization  and  of  thè  taxonomical  value  of  thè  individuai 
characteristic.  By  Planchon  (1887),  thè  seeds  of  thè  Vitis  genus  possess 
typical  and  permanent  features  of  thè  species.  In  speaking  about  ancient 
types  thè  following  features  are  of  diagnostic  value:  (1)  small  size,  (2)  glob- 
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Fig.  8.  Conditions  of  vine  seeds  (top  and  side  view)  in  matured  berries:  a  two  seeds  have 
grown  in  one  celi  of  two-seeded  berry;  b  two-seeded  berry  with  one  seed  by  celi;  c  —  d  three- 
seeded  berries;  e  characteristic  four-seeded  “wild  vine  berry”  of  regular  growth;  f—g  thè 
position  of  thè  seeds  in  thè  placentation  of  various  “heights”  (drawing  by  I.  Kiss) 

ular  forni,  (3)  short  beak  ( — 1  mm),  (4)  shape  of  chalaza  (round),  its  sharply 
outlined,  centrai  position  on  thè  seed. 

At  thè  beginning  of  thè  century,  Potebnja  (1911)  and  Stummer  (1911) 
dealt  with  thè  classification  of  thè  diagnostic  values  of  vine  seeds.  Stummer 
was  thè  first  to  focus  attention  on  seed  length  and  diameter  in  distinguishing 
between  V.  vinifera  and  V .  sylvestris. 

Although  it  was  thè  grape  cultivar-taxonomical  value  of  thè  seeds  of 
thè  V.  vinifera  that  was  examined  by  Potebnja  (l.c.),  stili  we  shall  have  to 
consider  him  as  an  author  who  was  thè  first  to  determine  and  classify  those 
features  of  thè  vine  seed  which  are  also  significant  in  thè  “naturai”  classifica- 
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II 


Fig.  9.  Sketch  of  a  vine  seed  and  seed  sizes.  a  Dorsal  side,  b  ventral  side,  c  profile  (side  view;; 
1  LS:  total  length  of  seed,  2  LROST:  beek  length,  2A  LROST-P:  beak  length  from  profile  view, 
3  LCO:  corpus  length;  4  LSCH:  length  of  chalaza  scutate;  5  LCH:  total  chalaza  length;  6 
BRCH:  breadth  of  chalaza  scutate;  7  DIAS:  total  diameter  of  seed;  8  TH:  thickness  of  seed; 
9  THB:  thickness  of  beak;  10  LSS:  length  of  fossette;  11  BRSS:  breadth  of  fossette;  AS:  apex 
of  seed;  DS:  dorsal  side;  RS:  raphe  line;  SS:  fossette;  BS:  base  of  seed;  HS:  hilum  of  seed; 
ROST-S:  rostrum  of  seed;  VS:  ventral  side 

tion.  He  used  thè  following  diagnostic  characteristics  in  thè  classificatimi  of 
cultivars: 

(1)  seed  weight, 

(2)  seed  length, 

(3)  seed  diameter, 

(4)  seed  size, 

(5)  form  and  place  of  thè  chalaza, 

(6)  raphe, 

(7)  fossette, 

(8)  seed  outline, 

(9)  form  and  size  of  thè  beak. 

Potebnja  elaborated  28  V.  vinifera  cultivars  and  on  these  bases  com- 
piled  their  cultivar  System.  He  also  distinguished  a  typical,  so-called  “Euro- 
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pean”  group,  and  determined  thè  basic  diagnostic  characteristics  of  thè  V 
vinifera  seed.  His  work  is  essential  even  today,  and  I  myself  also  relied  on  it. 

Among  thè  French  authors,  Viala  and  Péchoutre  (1910),  then  later 
on  Rodrigues  (1953)  deal  mainly  with  thè  American  species  among  thè  wild 
species,  but  they  also  published  data  referring  to  V.  sylvestris. 

Andrasovszky  (1915;  1917)  also  attempted  to  determine  a  V.  vinifera 
cultivar  System  on  thè  basis  of  thè  diagnostic  features  of  thè  seeds.  He  con- 
sidered  thè  following  features  characteristic  and  evaluable  in  thè  systema- 
tization: 

(1)  for  group  characterization:  generai  shape  of  seed,  depending  on  thè 
shape  of  thè  corpus  and  thè  beak  of  thè  seed;  volume  and  size  of 
seed,  expressed  in  weight;  length  and  diameter  of  seed  (min);  ratio 
of  seed  length  and  diameter; 

(2)  for  thè  characterization  of  thè  various  cultivars:  seed  colour,  posi- 
tion  and  shape  of  chalaza,  fossettes,  profile  of  seed. 

The  diagnostic  values  of  thè  seeds  of  wild  vines  and  cultivars  were 
dealt  with  in  several  publications  by  Negrul’  (1946;  1958;  1960;  1965). 
According  to  him,  thè  most  important  characteristics  of  thè  seed  are  thè 
measures  of  thè  corpus  (length  and  diameter),  and  of  thè  beak,  thè  form  of 
thè  chalaza  and  sculpture  of  thè  fossette. 

In  Hungary,  thè  seed  data  of  V.  vinifera  cultivars  are  used  for  thè  cultivar 
grouping  by  Németh  in  thè  ampelographical  series  published  recently  (1966; 
1970;  1975). 

In  thè  subsequent  paragraphs  I  shall  evaluate  thè  following  charac¬ 
teristics  of  V.  sylvestris  and  V.  riparia  seeds:  (1)  size  based  on  length  and  diam¬ 
eter,  (2)  beak  length  (3)  corpus  length  (4)  chalaza  length,  (5)  diameter  of 
chalaza  scutate;  among  thè  qualitative  characteristics:  (6)  habitus  (generai 
outline),  (7)  beak  properties,  (8)  dorsal-  and  (9)  ventral-side  sculpture  (see 
also  Fig.  9). 


Seed  size 

Since  Stummer’s  publication  (1.  c.)  thè  size  of  thè  seed  is  given 
as  thè  diameter /length  or  length/diameter  index.  Stummer  also  defined 
thè  seed  characteristics  of  V.  sylvestris:  thè  seed  of  thè  grove  vine  is  small, 
robust  with  rounded  outline  or  is  cordate,  and  thè  seed  beak  is  almost  complete- 
ly  missing.  On  thè  other  hand,  thè  seed  of  V.  vinifera  is  large,  elongated, 
ovate  or  pyriform,  having  a  well-elongated  beak. 

Kirchheimer  (1955)  was  thè  first  to  describe  in  detail  thè  data  of  V. 
sylvestris  seeds  obtained  from  thè  Danube-banks  near  thè  borders  of  Hungary 
(environs  of  Lobau  and  Eckartsau,  east  of  Vienna). 
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Length 

Diameter 

Lobau 

4.2  — 6.6 

3.0  — 5.6 

Average 

5.7 

4.1 

Eckartsau 

4.4— 6.4 

2. 7-4.9 

Average 

5.6 

3.9 

Kirchiieimer  also  elaborateci  thè  seeds  of  V.  sylvestris  obtained  from 
thè  Upper-Rheine  and  he  stateci  that  they  do  not  essentially  differ  from  tliose 
obtained  from  Danube  groves  of  Lower-Austria.  For  a  comparison,  his  data 
referring  to  thè  length  and  diameter  of  V.  sylvestris  seeds  obtained  from  thè 
Upper-Rheine  habitat  area  are  given  below. 


Length  |  Diameter 


(1)  Schwetzingen 

1 

(Ketsch) 

© 

1 

co 

2.5— 4.8 

Average 

5.4 

3.8 

(2)  Germersheiin 

(Hòrdt) 

3.0— 6.4 

2.6  — 3.9 

Average 

5.3 

3.9 

(3)  Speyer 

(Otterstadt) 

3.5— 5.7 

3.0  — 4.5 

Average 

4.9 

3.7 

In  thè  interest  of  a  complete  comparison,  I  consider  it  necessary  that  a 
few  data  should  be  presented  also  on  thè  seeds  of  thè  wild-growing  stands  of 
thè  northern  boundaries  of  thè  distribution  of  grove  vine,  or  more  exactly  from 
thè  Eastern-European  areas.The  botanical  investigations  into  V.  sylvestris  grow- 
ing  in  thè  Moldavian  areas  of  thè  Soviet  Union  have  been  completed  recently 
(Ianouchievitch  and  Peliach  1971).  The  authors  carried  out  thè  processing 
of  data  by  means  of  Negrul’s  method.The  V.  sylvestris  data  were  gathered 
from  vines  growing  in  thè  groves  alongside  thè  rivers  Pruth  and  Dniester. 
In  thè  vicinity  of  thè  Danube  mouth,  only  a  few  of  thè  wild-growing  vines  were 
examined. 

The  average  length  of  thè  seeds  obtained  from  thè  16  V.  sylvestris  samples 
that  have  been  analyzed  is  5.2  mm,  their  mean  diameter  is  3.9  mm,  thè  mean 
beak  length  is  0.67  mm,  thè  average  length  of  thè  seed  corpus  without  beak 
is  4.5  mm.  Incidentally,  Negrul’  (1960)  gives  thè  seed  length  of  V .  sylvestris 
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—  in  a  comparison  with  that  of  thè  V.  vinifera  cultivar  groups  —  as  5.00  mm 
(4 — 6  mm). 

The  V,  sylvestris  specimens  whose  seed  lengths  are  below  5  mm  are  in 
minority  among  those  obtained  from  thè  wild  vine  establishments  of  Hungary 
(Tables  3  and  4).  There  are  only  two  such  plants  in  thè  material  obtained  from 
Kesztòlc  (Pilis  Mountains),  and  there  is  only  one  in  thè  samples  each  obtained 
from  Simonfa  (Zselicség)  and  from  Szendehely  (in  thè  Naszàly  Mountain, 
north  of  Yàc),  thè  length  values  of  which  are  low  (Table  4).  The  average  values 
are  almost  identical  with  thè  seed  values  obtained  from  thè  liabitats  in  thè 


Table  3 

Mairi  data  of  V.  sylvestris  seeds  obtained  from  habitats  of  Hungary ,  compar  ed  ivith  a  feiv  data 
of  specimens  received  from  abroad  ( Bulgaria ,  France ,  German  Republic),  in  mm 

The  habitats  in  Hungary  are  grouped  as: 

(1)  Pilis  Mts.  (Nos  1—3);  (2)  Naszàly  Mt.  south  of  Bòrzsóny  (Nos  4  —  9);  (3)  Bakony  Mts. 
(Nos  10  —  11);  (4)  Zselicség  southern  edge  of  thè  South-Transdanubian  Hills ,  betiveen  Szigetvàr 
and  Pécs  (Nos  12  —  15 )  ;  (5)  thè  northern  edge  of  thè  Zselicség ,  south  of  Kaposvàr  (Nos  16  —  19 )  ; 
habitats  along  thè  Danube:  from  Mosonmagyaróvàr  to  Budapest  (Nos  20  —  24) 


No. 

Label  oi  thè  specimens 

LS 

DIAS 

LROST 

LCORP 

LCH 

BRCH 

No.  of 
seeds 

1. 

Vitis  sylvestris 

Kesztòlc  No.  4 

6.11 

3.91 

1.15 

5.05 

2.72 

1.29 

50 

2. 

Kesztòlc  No.  14 

4.94 

3.73 

0.77 

4.14 

2.15 

1.34 

12 

3. 

Kesztòlc  No.  35 — 68 

4.32 

3.86 

0.56 

3.76 

2.08 

1.08 

25 

4. 

Szendehely  No.  4/a 

5.46 

3.80 

0.84 

4.60 

2.56 

1.48 

25 

5. 

Szendehely  No.  4/c-I 

5.23 

3.68 

0.98 

4.22 

2.40 

1.33 

25 

6. 

Szendehely  No.  4/c-II 

4.88 

3.53 

0.83 

4.03 

2.23 

1.15 

40 

7. 

Szendehely  No.  10 

5.68 

3.67 

0.97 

4.70 

2.45 

1.47 

25 

8. 

Szendehely  No.  10/a 

5.69 

3.92 

0.89 

4.78 

2.36 

1.24 

25 

9. 

Szendehely  No.  17 

5.54 

3.60 

0.90 

4.56 

2.59 

1.29 

25 

10. 

Csòszpuszta  No.  10 

5.64 

3.54 

1.37 

4.24 

2.69 

1.36 

95 

11. 

Csòszpuszta  No.  9 

5.07 

3.50 

0.84 

4.25 

2.42 

1.32 

105 

12. 

Botykapeterd  S-III-68 

5.44 

4.05 

0.82 

4.66 

2.72 

1.39 

100 

13. 

Nagypeterd 

5.61 

3.64 

1.24 

4.33 

2.39 

1.17 

25 

14. 

Szentlòrinc 

5.71 

4.18 

0.94 

4.87 

2.92 

1.49 

25 

15. 

Szentlòrinc  No.  22 

5.10 

3.71 

0.78 

4.31 

2.26 

1.12 

37 

16. 

Simonfa  No.  1 

4.85 

3.77 

0.76 

4.09 

2.46 

1.24 

25 

17. 

Simonfa  No.  24 

5.54 

4.20 

0.90 

4.77 

3.09 

1.28 

100 

18. 

Simonfa  No.  51 

5.51 

4.02 

0.98 

4.56 

2.73 

1.41 

25 

19. 

Simonfa  No.  53 

6.17 

3.67 

1.24 

4.87 

2.81 

1.11 

25 

20. 

Feketeerdò  No.  4 

5.71 

4.24 

1.09 

4.55 

2.48 

1.46 

25 

21. 

PapszigetNo.  l-S-II-68 

5.95 

3.87 

1.31 

4.63 

2.91 

1.37 

25 

22. 

Alsógòd  No.  3-S-VI-68 

5.80 

4.23 

1.05 

4.74 

3.01 

1.38 

25 

23. 

Hàros  No.  2 

5.78 

3.94 

0.99 

4.79 

2.24 

1.24 

66 

24. 

Hàros  No.  100 

5.78 

4.18 

1.04 

4.73 

2.93 

1.40 

128 

Average 

5.51 

3.70 

0.97 

4.54 

2.63 

1.32 

1083 

(X±s-x) 

*% 

±0.44 

8.0% 

±0.23 

6.4% 

4 0.19 
19.9% 

±0.32 

7-1% 

±0.28 

10.8% 

0.12 

9.2% 

(ls  =  Length  of  seed,  dias  =  Diameter  of  seed,  lrost  =  Length  of  rostrum, 
lcorp  —  Length  of  seed  corpus,  lch  =  Length  of  chalaza,  brch  =  breadth  of  chalaza 
scutate;  Fig.  9) 
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(Table  3  cont.) 


No. 

Label  of  thè  specimens 

LS 

DIAS 

LROST 

LCORP 

LCH 

BRCH 

No.  of 
seeds 

Bulgaria1 

BG  Kam.  No.  1 
(X±*i) 

«% 

4.88 

±0.26 

5.3% 

3.65 

±0.26 

7.1% 

0.91  , 
±0.16 
18.1% 

3.96 

2.25 

±0.33 

14.7% 

1.18 

±0.07 

6.1% 

31 

France2 

FR  No.  L-31 

(X±*i) 

,0/ 

S  0 

5.44 

I  ±0.38 
7-1% 

3.59 

±0.25 

7.2% 

1.07 

±0.18 

17.3% 

4.37 

2.62 

0.32 

12.5% 

1.29 
—  0.14 
11.3% 

48 

German  Federai  Re- 
public3 

Alzey-Mi.  No.  1,  2,  3 
(X±*i) 

«% 

5.27 

±0.32 

6-2% 

3.97 

±0.14 

3.6% 

0.94 

±0.15 

16.4% 

4.33 

2.29 

±0.28 

12.4% 

1.47 

±0.12 

8-4% 

18 

Alezy-N.  No.  1,  2,  3 

(X±S;) 

*% 

4.86 

±0.26 

5.5% 

3.79 

±0.20 

5.4% 

0.85 
±0.15 
18.0%  | 

4.00 

. 

2.03 

±0.30 

15.1% 

1.33 

±0.12 

9.0% 

23 

1  The  seeds  were  collected  by  J.  Fòdelmesi; 

2  The  seeds  were  sent  by  J.  P.  Doazan; 

3  The  seeds  were  sent  by  F.  Schumann 


Danube-banks  of  Lower  Austria  and  in  Schwetzingen  of  thè  Upper  Rheine 
region.  On  thè  other  hand,  thè  seed  length  values  of  thè  few  living  vine  plants 
growing  along  thè  Danube  in  Hungary  (Nos  20 — 24  in  Table  3)  are  to  a  certain 
extent  higher.  However,  it  seems  that  thè  values  of  thè  foreign  specimens 
mentioned  above  surpass  our  values  in  seed  diameter. 

The  end  length  groups  in  thè  V,  sylvestris  species  can  be  established  as 
thè  following  limit  values:  up  to  4.5  mm  they  are  considered  small  seeds, 
4.5 — 5.5  mm  medium-sized  seeds,  above  5.5  mm  large  seeds.  (The  V.  vinifera 
categories  cannot  be  used.)  Thus,  among  thè  24  specimens,  15  falls  into  thè 
group  of  large  seeds,  8  belong  to  thè  medium-sized,  and  1  to  thè  small-sized 
category.  The  data  processed  by  Kirchheimer  (l.c.),  and  those  included  in 
our  Table  3,  also  belong  to  thè  V.  Sylvestris  category  of  medium  or  large- 
sized  seeds. 

The  thickness  of  V.  sylvestris  seeds  has  been  dealt  with  only  by  a  small 
number  of  authors:  we  have  taken  thè  data  and  processed  them  but  for  thè 
time  being  we  do  not  intend  to  publish  them.  The  data  related  to  thè  seed 
beak  of  view,  one  of  thè  most  appreciated  organs  of  thè  seed  has  up  to  now 
been  thè  beak  (Potebnja  l.c.,  Negrul’  l.c.).  It  was  especially  Negrul’  (1960) 
who  dealt  much  in  detail  with  thè  importance  of  thè  beak  in  its  evolutionary 
context.  He  testified  by  means  of  archaeological  data  that  thè  beak  grew 
unproportionately  faster  than  seed  length  under  thè  effect  of  cultivation  and 
selection  (Piate  III). 
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Table  4 


The  mairi  data  of  V.  riparia  seeds  obtained  from  habitats  in  Hungary  in  comparison  ivith  thè  data 
of  cultivated  V.  riparia  seeds  from  France  and  of  thè  seeds  of  two  understock  vine  plants  used 

in  Hungary 


No. 

Label  of  specimens 

LS 

DIAS 

LROST 

LCORP 

LCH 

BRCH 

No.  of 
seeds, 
piece 

V.  riparia 

1. 

Papsziget  No.  R-II/68 

3.96 

3.35 

0.43 

3.56 

2.03 

0.86 

100 

2. 

Hàros  No.  21/68 

4.50 

3.51 

0.65 

3.87 

2.46 

1.07 

100 

3. 

Hàros  No.  22/68 

4.51 

3.50 

0.64 

3.91 

2.34 

1.01 

100 

4. 

Hàros  No.  27/68 

4.41 

3.41 

0.59 

3.83 

2.20 

0.87 

81 

5. 

Hàros  No.  27/68-VE 

4.37 

3.56 

0.49 

3.89 

1.99 

0.86 

25 

6. 

Hàros  No.  23/68 

4.64 

3.61 

0.67 

3.98 

2.49 

0.89 

100 

7. 

Hàros  No.  24/68 

4.63 

3.70 

0.67 

3.99 

2.43 

0.91 

83 

8. 

Hàros  No.  25/68 

5.15 

3.87 

0.71 

4.47 

2.60 

0.84 

100 

9. 

Hàros  No.  26/68 

4.81 

3.40 

0.76 

4.08 

2.56 

1.02 

100 

10. 

Hàros  No.  3/75 

1 

4.54 

3.37 

0.65 

3.93 

2.30 

0.83 

186 

Average 

4.57 

3.51 

0.64 

3.95 

2.36 

0.91 

975 

(X±s  x) 

±0.33 

±0.16 

±0.09 

±0.22 

±0.21 

±0.08 

s% 

7.4% 

4.7% 

15.5% 

5.5% 

8.9% 

9-4% 

France1 

Fr  No.  10,715 

5.30 

3.93 

0.55 

4.75 

2.95 

1.08 

88 

(X±sx) 

±0.28 

±0.31 

±0.08 

— 

±0.31 

±0.14 

so 
*  /  0 

5.3% 

8.1% 

15.4% 

— 

10.7% 

13.3% 

Under-stock  vines2 

No.  1616.  C. 

4.37 

3.75 

0.57 

3.80 

2.32 

0.85 

20 

•% 

5.8% 

4.6% 

22.4% 

— 

7.8% 

18.0% 

No.  T-K.  5BB 

4.11 

3.41 

0.59 

3.52 

2.20 

0.77 

20 

c° 

ò  /o 

8.7% 

4  5° 

16.3% 

— 

12.8% 

24.5% 

1  Seeds  were  sent  by  J.  P.  Doazan 

2  Data  by  Facsar  (1.  c.) 

By  taking  in  V.  sylvestris  1  mm  as  thè  upper  limit  of  thè  short  beak, 
then  16  of  thè  24  specimens  (67%)  belong  here,  and  8  belong  to  thè  group  of 
medium  length  (with  an  interval  of  1.0 — 2.0  mm);  and  no  specimen  belongs 
to  thè  group  of  seeds  with  beaks  longer  than  2.0  mm.  The  seed  of  thè  plant 
from  Csoszpuszta  (No.  10)  of  thè  Bakony  Mountains  has  thè  longest  beak. 
The  data  of  beak  length  in  seeds  obtained  from  thè  Upper-Rheine  region 
approach  our  data. 
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Piate  III.  Vitis  riparia  var.  syrticola ,  thè  villosite  variety,  a  rare  Piate  IV.  Vitis  sylvestris  Gmel.  froni  thè  most  important  habitat 

plant  of  thè  groves  alongside  thè  rivers  of  Hungary.  Budapest,  alongside  thè  Danube,  from  an  IsIam!  near  Alsógdd  (drawn 

IsIam!  of  Haros  (drawn  by  Mrs.  Lexa)  byV.  .  Csapody) 
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In  examining  thè  beak  dimensions,  a  comparison  with  thè  length  of  thè 
seed  corpus  cannot  he  left  out  of  consideration.  It  has  also  been  noticed  that 
thè  seeds  of  thè  berries  differing  in  seed  number  deviate  from  one  another  both 
in  shape  and  in  size.  This  seems  to  be  a  Constant  characteristic  of  thè  basic 
wild  vine  species.  Therefore,  right  at  thè  launching  of  thè  researches  we 
measured  in  several  specimens  separately  thè  seeds  of  thè  berries  with  different 
seed  numbers.  (See  table  below). 

In  both  plants,  starting  from  thè  single  seeds,  it  can  be  recognized  that 
in  thè  elongation  of  thè  seeds,  thè  beak  grows  quicker  than  does  thè  seed 
corpus.  Thus,  this  characteristic  does  already  exist  in  thè  basic  vine  species 
growing  wild.  At  thè  same  time  we  also  noticed  such  a  tendency  in  some  plants 
that  thè  seed  length  is  stili  significant  in  thè  two-seeded  berries,  then  it  grad- 
ually  becomes  smaller  in  thè  three-seeded  and  four-seeded  berries  (see  our 
table  below). 


Seed  number 
by  berry 

LS 

mean 

mm 

LROST 

mean 

mm 

LCO 

mean 

mm 

LROST/LCO 

LROST/LS 

12.  Botykapeterd  S-III-68 

1  s 

5.152 

0.695 

4.456 

15 

0.126 

(Table  3) 

2  S 

5.488 

0.802 

4.686 

17 

0.135 

|  3  S 

5.520 

0.900 

4.620 

19 

0.155 

4  S 

5.628 

0.920 

4.708 

20 

0.158 

17.  Simonfa  No.  24 

1  S 

5.152 

0.710 

4.442 

15 

0.131 

(Table  3) 

2  S 

5.460 

0.778 

4.682 

16 

0.136 

3  S 

5.748 

0.834 

4.914 

17 

0.141 

I 

4  S 

1 

5.848 

i 

0.896 

4.952 

18 

0.145 

S  =  Seed,  LS  =  Length  of  seed,  LROST  =  Length  of  rostrum  (beak),  LCO  =  Length 
of  corpus  (See  Fig.  9) 


9.  Hàros  No.  26/68.  1  S 

4.296 

0.668 

4.628 

18 

0.155 

2  S 

4.880 

0.796 

4.084 

19 

0.166 

(Table  4)  3  S 

5.080 

0.792 

4.292 

18 

0.155 

4  S 

5.016 

0.728 

4.288 

17 

0.145 

By  thè  authors  mentioned  above,  thè  diameter  of  thè  seed  provide  useful 
data,  especially  in  connection  with  thè  diameter  of  thè  chalaza-scutate,  in 
vine  seed  diagnostics.  Among  all  thè  diagnostic  characters  in  thè  seed  it  is  thè 
diameter  and  partly  thè  thickness  by  which  thè  various  vine  species  are  dose  to 
one  another.  Thus,  thè  mean  of  thè  48  cultivars  of  V.  vinifera  examined  is 
3.87  mm,  in  contrast  to  thè  V.  sylvestris  specimens  where  thè  mean  is  3.70  mm. 
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The  calculated  value  is  influenced  also  by  thè  proportion  in  which  thè 
seed  specimens  are  taken  from  1-,  2-  or  several-seeded  berries.  It  is  a  generai 
law  that  thè  seeds  from  two-seeded  berries  have  thè  largest  diameter,  especially 
if  only  one  seed  grows  per  loculus,  because  thè  ventral  sides  of  thè  seeds  grow- 
ing  opposite  each  other  become  flattened  which  makes  thè  seed  larger  in 
diameter  (see  Fig.  8). 


Seed  diameter  in  a  few  samples 

Vitis  sylvestris 


12.  Botykapeterd  S-III-68 

17.  Simonfa  No.  24 

24.  Hàros  No.  100 

1  s 

4.248  mm 

4.164  mm 

4.134 

2  S 

4.428  mm 

4.424  mm 

4.301 

3  S 

3.812  mm 

3.812  mm 

4.192 

4  S 

3.732  mm 

3.732  mm 

3.928 

The  data  of  thè  chalaza  scutate  diameter  also  provide  valuable  informa- 
tion  on  thè  nature  and  taxonomical  value  of  this  diagnostic  character.  Scher- 
mann  (1966)  wrote  that  thè  diameter  of  thè  chalaza  scutate  in  V.  sylvestris  is 
one  fourth  in  thè  garden  vine.  He  indeed  got  thè  size  right  concerning  thè 
diameter  of  V.  sylvestris  chalaza  scutate,  since  it  is  on  thè  average  36%  of  thè 
seed  diameter  in  thè  wild  vines  of  Hungary;  and  26%  in  V.  riparia ,  while  in  thè 
vinifera  cultivars  this  value  is  on  thè  average  37%  (between  31%  and  47%); 
(Facsar,  1967). 

Characteristic  data  were  ohtained  when  calculating  thè  variation  coef- 
ficient.  The  latter  value  shows  a  correlation  between  thè  two  species.  It  is  thè 
smallest  in  relation  to  seed  diameter  in  both  species  (  V.  sylvestris  :  6.4%,  V. 
riparia  :  4.7%);  thè  percentage  variation  is  thè  greatest  in  thè  case  of  thè  seed 
beak  length  (in  V.  sylvestris  19.9%,  in  V.  riparia  15.5%).  The  variation  coef- 
ficients  of  thè  chalaza  scutate  diameter  and  length  do  not  essentially  differ 
in  any  of  thè  species  (CV  =  8.9 — 10.8%). 


Correlation  between  tlie  inaili  dimensions  of  thè  seed 

In  thè  foregoing  evaluation  a  few  of  thè  positive  and  negative  correlations 
have  already  been  pointed  out  several  times.  Now,  correlations  between  thè 
most  important  diagnostic  characters  of  thè  seed  will  be  demonstrated  by 
means  of  thè  traditional  frequency  curve  mentioned  above.  This  course  will 
be  followed  mainly  because  it  will  enable  us  to  compare  our  data  with  those 
found  in  both  thè  West-European  and  East-European  literatures  on  V. 
sylvestris  seeds  (see  Tables  5  and  6). 
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Table  5 


More  important  index  numbers  of  V.  sylvestris  seeds  obtained  in  Hungary  and  from  abroad 


No. 

Label  of  vine 

i.s 

DIAS 

DIAS  / 

LS 

LROST/ 

LS 

LCH/LS 

BRCH  / 
DIAS 

No.  of 
seeds 

1. 

Vitis  sylvestris 

Kesztòlc  No.  4 

1.56 

0.63 

0.16 

0.44 

0.33 

50 

2. 

Kesztòlc  No.  14 

1.32 

0.75 

0.16 

0.43 

0.36 

12 

3. 

Kesztòlc  No.  35-68 

1.12 

0.89 

0.13 

0.48 

0.28 

25 

4. 

Szendehely  No.  4/a 

1.43 

0.69 

0.15 

0.46 

0.38 

25 

5. 

Szendehely  No.  4/c-I. 

1.42 

0.70 

0.18 

0.45 

0.36 

25 

6. 

Szendehely  No.  4/c-II. 

1.37 

0.72 

0.17 

0.45 

0.32 

40 

7. 

Szendehely  No.  10 

1.54 

0.64 

0.17 

0.43 

0.40 

25 

8. 

Szendehely  No.  10/a 

1.44 

0.69 

0.15 

0.41 

0.31 

25 

9. 

Szndehely  No.  17 

1.53 

0.65 

0.16 

0.46 

0.35 

25 

10. 

Csòszpuszta  No.  10 

1.59 

0.62 

0.23 

0.47 

0.38 

95 

11. 

Csòszpuszta  No.  9 

1.45 

0.68 

0.16 

0.47 

0.37 

105 

12. 

Botykapeterd  S-III-68 

1.34 

0.74 

0.15 

0.50 

0.34 

100 

13. 

Nagypeterd 

1.54 

0.64 

0.22 

0.42 

0.32 

25 

14. 

Szentlòrinc 

1.36 

0.73 

0.16 

0.51 

0.35 

25 

15. 

Szentlòrinc  No.  22 

1.37 

0.72 

0.15 

0.44 

0.30 

37 

16. 

Simonfa  No.  1 

1.28 

0.77 

0.15 

0.50 

0.32 

25 

17. 

Simonfa  No.  24 

1.31 

0.75 

0.14 

0.55 

0.30 

100 

18. 

Simonfa  No.  51 

1.37 

0.72 

0.17 

0.49 

0.35 

25 

19. 

Simonfa  No.  53 

1.68 

0.59 

0.20 

0.46 

0.30 

25 

20. 

Feketeerdò  No.  4 

1.34 

0.74 

0.19 

0.43 

0.34 

25 

21. 

Papsziget  No.  l-S-II-68 

1.53 

0.65 

0.22 

0.48 

0.29 

25 

22. 

Alsógòd  No.  3-S-VI-68 

1.37 

0.72 

0.18 

0.51 

0.32 

25 

23. 

Hàros  No.  2 

1.46 

0.68 

0.17 

0.38 

0.31 

66 

24. 

Hàros  No.  100 

1.37 

0.72 

0.18 

0.51 

0.33 

128 

Average 

1.48 

0.67 

0.17 

0-47 

0.35 

1083 

Bulgaria  BG  Kam.  No.  1 

1.33 

0.74 

0.18 

0.46 

0.32 

31 

France 

FR  — No.  L-31 

1.51 

0.66 

0.19 

0.48 

0.36 

48 

German  Federai  Republic 
ALZEY— Mi  No.  1,  2,  3 

1.32 

0.75 

0.17 

0.43 

0.37 

18 

ALZEY-N  No.  1,  2,  3 

1.28 

0.78 

0.17 

0.41 

0.35 

23 

In  evaluating  thè  correlations  between  thè  diameter  and  length  data  of 
V.  sylvestris  seeds,  Stummer  (1911)  stated  that  thè  0.64  top  value  represents 
an  alinosi  globular  seed;  thè  extreme  values  are  0.54  and  0.82.  The  curve  of  thè 
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Table  6 


Characteristic  indices  of  V.  riparia  seeds  obtained  in  Hungary ,  in  comparison  ivith  thè  data 
of  tivo  under-stock  vines  and  of  a  specimen  from  France 


No. 

Label  of  vine 

LS  / 

DIAS 

DIAS  / 

LS 

LROST  / 
LS 

LCH  / 

LS 

BRCH  / 
DIAS 

No.  of 
seeds 

1. 

Vitis  riparia 

Papsziget  No.  R-II/68 

1.18 

0.84 

0.10 

0.60 

0.25 

100 

2. 

Hàros  No.  21/68 

1.28 

0.77 

0.14 

0.54 

0.30 

100 

3. 

Hàros  No.  22/68 

1.28 

0.77 

0.14 

0.51 

0.29 

100 

4. 

Hàros  No.  27/68 

1.29 

0.77 

0.13 

0.50 

0.25 

81 

5. 

Hàros  No.  27/68-VE 

1.22 

0.81 

0.11 

0.45 

0.24 

25 

6. 

Hàros  No.  23/68 

1.28 

0.77 

0.14 

0.53 

0.24 

100 

7. 

Hàros  No.  24/68 

1.25 

0.79 

0.14 

0.52 

0.24 

83 

8. 

Hàros  No.  25/68 

1.32 

0.75 

0.13 

0.50 

0.21 

100 

9. 

Hàros  No.  26/68 

1.41 

0.70 

0.15 

0.53 

0.30 

100 

10. 

Hàros  No.  3/75 

1.34 

0.74 

0.14 

0.50 

0.24 

186 

Average 

1.30 

0.76 

0.14 

0.51 

0.26 

975 

France 

FR  No.  L-31 

1.51 

0.74 

0.10 

0.55 

0.27 

88 

Under-stock  vines2 

No  1616. G 

1.30 

0.86 

0.13 

0.53 

0.22 

20 

No  T-K.  5BB 

1.20 

0.83 

0.15 

0.53 

0.27 

20 

vinifera  distribution,  which  has  been  presented  in  thè  sanie  graph  covered 
to  a  rather  large  extent  thè  area  delimited  by  thè  V.  sylvestris  graph. 

Levadoux  (1956)  compared  thè  diameter/length  (DIAS/LS)  index  of 
Yugoslavian  seeds  with  thè  DIAS/LS  distribution  curve  of  thè  ‘Pino  frane’ 
cultivar  which  stands  near  V.  sylvestris.  The  DIAS/LS  frequency  curves  of  thè 
two  types  are  near  each  other  concerning  both  their  course  and  values.  Accord- 
ing  to  Levadoux,  this  method  is  nevertheless  unpracticable  for  sharply  dis- 
tinguishing  thè  two  groups  from  each  other. 

The  DIAS/LS  index  of  thè  wild  vines  of  Hungary  has  been  calculated 
from  thè  averages  of  thè  various  specimen  values  since  there  were  quite  a 
number  of  data  (see  Figs  10  and  11).  The  extreme  values  of  thè  V.  sylvestris 
DIAS/LS  index  are  0.55  and  0.80,  thè  peak  value  is  0.70.  This  maximum  is 
identical  with  those  of  thè  V.  sylvestris  seeds  obtained  from  Yugoslavia,  and 
used  by  Levadoux  (l.c.,  p.  70).  Among  thè  24  specimens,  22  fluctuate  between 
thè  0.60  and  0.80  limit  values,  which  also  indie  ates  that  uearly  92%  of  thè 
seeds  belongs  to  thè  various  types  of  thè  globular  group  (Fig.  10).  The  maximum 
of  thè  47  vinifera  cultivars  compared  is  0.55;  72%  of  thè  cultivars  fluctuates 
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Fig.  10.  DIAS/LS  indices  in  seed  specimens  of  Vitis  sylvestris  Gmel.  stands  of  Hungary, 
in  a  comparison  with  thè  data  of  47  wine  and  dessert  grape  cultivars  grown  in  Hungary  (data 
of  thè  cultivated  vines  are  from  Facsar,  1967) 


between  0.55  and  0.64.  With  this  method  thè  area  coverage  of  thè  two  distribu- 
tion  curves  is  relatively  large. 

Furthermore,  thè  V.  sylvestris  seed  sizes  were  examined  on  thè  basis  of 
thè  LS/DIAS  index,  i.e .  thè  reciprocai  of  thè  DIAS/LS  seed  index.  The  numer- 
ical  data,  which  have  already  been  given  in  connection  with  thè  seed  number 
per  berry,  were  also  used  in  making  thè  diagram.  The  seed  values  by  berry 
types  are  demonstrated  first  each  separately  then  thè  values  of  thè  seed- 


Fig.  11.  LS/DIAS  indices  in  seed  specimens  of  Vitis  sylvestris  Gmel.  stands  of  Hungary, 
in  comparison  with  thè  data  of  94  wine  grape  cultivars  grown  in  Hungary  (thè  cultivated 
vine  data  from  Németh,  1967;  1970) 
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number  types  in  a  common  diagram  of  thè  “17.  Simonfa,  No.  24”  V.  sylvestris 
specimen  (Fig.  12).  Two  sharper  diagram  peaks  have  been  obtained,  one  yields 
a  value  of  1.15  by  thè  seed  data  of  1-seeded  and  2-seeded  berries.  The  other, 
expressedly  separating  distribution  curve  is  a  graph  of  seeds  obtained  from 
4-seeded  berries  and  its  maximum  value  is  1.5.  The  diagram  of  thè  seeds  from 
4-seeded  berries  indicates  not  only  thè  relatively  narrower  seeds  which  are 
in  cross-section  sector-like  in  outline  since  4 — 6  seeds  grow  per  berry  (this  is  a 
“wild  vine  character”),  but  also  thè  shortening  of  thè  seeds. 


Fig.  12.  LS/DIAS  indices  of  seed  number  per  berry  in  “17.  Simonfa  N24”  V.  sylvestris  Gmeh 
in  comparison  with  its  cumulated  LS/DIAS  indices.  1  One  seed  per  berry:  2  two  seeds  per 
berry;  3  three  seeds  per  berry:  4  four  seeds  per  berry;  5  cumulated  indices 

The  distribution  curv  e  made  on  thè  basis  of  thè  average  of  all  thè  speci- 
mens  integrates  tlie  data  into  a  relatively  small  area;  in  thè  course  of  thè  curve 
another,  smaller,  maximum  also  appears.  This  is  seen  on  thè  right  of  thè  dia¬ 
gram  of  thè  LS/DIAS  values.  It  calls  attention  to  that,  although  in  smaller 
number,  V.  sylvestris  plants  of  narrower  seeds  also  exist.  I  consider  their 
occurrence  as  naturai  and  it  may  be  thè  consequence  of  thè  usuai  variability. 

The  extreme  limit  values  of  thè  LS/DIAS  index  fluctuate  between  1.1 
and  1.6;  thè  maximum  value  of  thè  diagram  is  1.3.  More  than  60%  of  thè 
specimens  lie  between  1.3  and  1.5;  some  30%  of  thè  specimens  is  stili  distributed 
between  1.5  and  1.6. 

For  comparison,  we  have  assembled  from  NÉmeth’s  Ampelograph 
(1967,  1970)  thè  LS/DIAS  index  of  94  table  grape  cultivars  cultivated  in 
Hungary  or  occurring  in  collections.  The  distribution  curve  of  thè  table  grape 
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cultivars  distinguishes  well  from  thè  diagram  of  V.  sylvestris.  Its  limit  values 
are  (1.0)  1.5  and  2.0,  its  maximum  is  1.8 . 

The  evaluation  on  thè  basis  of  length/diameter  ratio  of  thè  size  and  seed 
shape  of  V.  sylvestris  plants  of  Hungary  will  probably  be  even  more  interesting 
and  may  provide  more  data  if  we  compare  thè  distribution  curves  with  thè 
diagrams  made  on  thè  vines  of  Moldavia  and  thè  Crimea  (Soviet  Union). 
The  localities  of  thè  vines  of  these  two  areas  also  are  on  thè  northern  bound- 
aries  of  vine  growing  (see  Figs  13  and  14). 

The  length/diameter  seed  index  data  of  V.  sylvestris  obtained  from  both 
areas  also  move  between  1.1  and  1.6,  and  1.5  respectively.  A  comparison 
between  thè  maximum  values  of  thè  distribution  curves  is  also  suggestive: 
that  of  thè  Moldavian  specimens  is  1.25,  while  that  of  thè  Crimean  specimens 
is  1.35.  The  diagrams  essentially  show  identical  values  with  thè  V.  sylvestris 
data  of  Hungary.  The  vinifera  seed  values  concerning  both  thè  Crimean  and 
thè  Moldavian  plants  are  smaller  than  ours  (1.65). 

In  thè  practice,  thè  ratio  number  of  length/diameter  is  also  used  for  thè 
grouping  of  seeds  by  shape  (Goethe,  1887;  Potebnja,  1911;  Németh,  1966). 
The  classification  of  V.  sylvestris  seeds  by  shape  is  as  follows:  — 0.99  =  very 
short  (squat);  1.0 — 1.49  =  short,  above  1.50  —  long,  elongated;  71  per  cent  of 
our  specimens  belong  in  thè  short,  and  29  per  cent  in  thè  long  (elongated) 
category. 

No  doubt  may  arise  in  connection  with  thè  taxonomic  value  of  thè 
beak  of  thè  seed;  to  this  thè  most  suitable  and  most  expressive  measure  is  its 
length,  which  has  been  measured  from  thè  top  on  thè  dorsal  side  and  in  its 
profile  (side-view),  and  thè  averages  of  thè  data  pairs  were  used.  A  frequency 
curve  of  very  fine  course  has  been  obtained.  It  sharply  expresses  thè  character 
of  thè  V.  sylvestris  beak,  its  different  length  from  thè  vinifera  cultivars  (Fig. 
15).  Unfortunately,  I  had  no  data  processed  by  means  of  similar  methods 
abroad,  so  I  had  to  decline  a  comparison. 

On  thè  right  side  of  thè  diagram  of  thè  beak  index  there  is  a  short  sub- 
sidiary  peak.  The  limit  values  of  thè  distribution  curve  are  0.12  and  0.22;  its 
minimum  value  being  0.16.  The  boundary  values  of  thè  47  vinifera  cultivars 
used  in  thè  comparison  fluctuate  between  0.22  and  0.34,  their  maximum  is 
0.30.  By  this,  thè  index  number  of  thè  squat,  very  short  seed  beaks  of  wild 
vines  is  0.14,  that  of  thè  short  is  0.14 — 0.18  (71%  of  our  specimens  can  be 
enumerated  here),  while  that  of  thè  long,  extended  beaks  is  above  0.18. 

The  length  of  thè  whole  chalaza  (LCH),  which  is  measured  from  thè  peak 
of  thè  seed  down  to  thè  lower  edge  of  thè  scutate,  located  towards  thè  beak, 
also  belongs  in  thè  diagnostic  characters  of  thè  species  (Fig.  9).  According  to 
thè  taxonomists  of  vine  species  and  cultivars  (Negrul’  l.c.,  Planchon  l.c.),  thè 
chalaza  lies  in  thè  middle  of  thè  seeds  of  wild  vine  species,  while  in  cultivated 
vines  in  thè  upper  third  of  thè  seed.  Other  authors  maintain  that  thè  chalaza 
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Fig.  13.  LS/DIAS  average  ratio  values  of  vine  specimens  froin  Moldavia  (USSR) 


Fig.  14.  LS/DIAS  average  ratio  values  of  vine  specimens  from  thè  Crimea  (USSR) 


Fig.  15.  Average  LROST/LS  indices  of  vine  specimens  of  Hungary  (data  of  47  dessert  and 

wine  grapes) 
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Piate  V.  Vitis  riparia  Michx.  with  pruinose,  bluish  fruit,  from  thè  willow  groves  of  thè  Pap 
Island  of  thè  Danube  near  Szentendre  (drawn  by  V.  Csapody) 

scutate  may  develop  in  wild  vines  not  only  in  thè  middle  but  also  in  thè  upper 
third  of  thè  seed. 

On  thè  basis  of  thè  average  data  it  can  be  said  that  thè  centre  of  thè 
chalaza  scutate  in  thè  seeds  of  V.  sylvestris  of  Hungary  is  indeed  in  thè 
middle  of  thè  corpus  of  thè  seed  (if  thè  length  of  thè  beak  is  not  con- 
sidered),  or  it  is  slightly  pushed  towards  thè  beak  (Plates  IV  and  V).  It  is  only 
in  one  of  our  plants,  in  thè  Danube-bank  vine  No.  22  that  thè  chalaza  scutate 
is  located  definitely  in  thè  upper  third  of  thè  seed  (LCH/LS  =  0.38,  LCH/LCO  = 
=  0.46).  By  thè  measured  data,  thè  location  of  thè  chalaza  scutate  in  thè  V. 
riparia  forms  is  identical  with  that  of  V.  sylvestris  (Table  4).  The  average  of  thè 
chalaza  lengths  of  thè  47  vinifera  cultivars  (2.76  mm)  examined  in  our  Institute 
shows  hardly  any  difference  from  that  of  V.  sylvestris  (2.63).  In  thè  case  of 
vinifera  if  thè  long  beak  is  also  considered  (thè  average  is  2.00  mm)  then  in 
determining  thè  location  of  thè  chalaza  scutate  it  certainly  may  be  said  that 
- —  seemingly  —  it  is  located  in  thè  upper  third  of  thè  seed  corpus  (Facsar,  1967). 

* 

Part  II  of  this  study  will  be  published  in  thè  next  issue. 
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In  assessing  thè  taxonomic  value  of  thè  characters  of  tlie  genus  Agaricus ,  43  ana- 
tomo-morphological,  cultural  physiological  and  biochemical  features  have  been  con- 
sidered.  The  range  of  variability  of  thè  spores  of  49  Agaricus  species  indigenous  in  thè 
Northern  Hemisphere  has  been  studied  by  statistical  methods.  Collections  of  exsiccates 
(A.  H.  Smith,  Herb.  of  thè  University  of  Michigan,  U.S.A.;  S.  Lundell,  Fungi  exsic- 
cati  suecici  praesertim  Upsalienses,  Sweden),  samples  originating  from  various  geo- 
graphical  zones  and  type-specimens  (F.  H.  Moeller,  Herb.  Mus.  Bot.  Hauniense; 
A.  Pilàt,  Herb.  Gen.  Mus.  Bot.  Pragae;  G.  Bohus,  Herb.  Musei  Hist.-nat.  Hung.; 
P.  D.  Orton,  Herb.  Hort.  Bot.  Reg.  Kew),  as  well  as  collections  of  different  institutes 
of  thè  Soviet  Union  have  been  studied. 

An  important  and  stable  index,  Km,  has  been  introduced:  it  represents  thè 
relationship  of  spore  length  to  spore  width  and  has  been  obtained  through  thè  measure- 
ment  of  100  mature  spores  of  each  specimen.  This  index  indicates  thè  evolutionary 
progressiveness  of  thè  species.  The  round  spores  are  considered  to  be  more  primitive 
(Singer,  1975),  therefore  thè  species  having  a  smaller  Km  are  evolutionally  older  than 
those  with  a  bigger  one.  In  addition,  thè  character  of  thè  area,  thè  number  of  species, 
thè  type  of  evolution,  thè  structure  of  thè  trama,  thè  variability  within  thè  species, 
etc.  have  also  been  considered. 

The  analysis  of  thè  complex  of  characters  and  thè  biometrie  study  of  spores 
suggested  a  new  System  within  thè  genus  Agaricus ,  involving  four  subgenera,  ten  sec- 
tions,  four  subsections  and  ten  series.  A  key  to  thè  identification  of  infrageneric  taxa 
in  thè  genus  Agaricus  is  also  given. 

The  necessity  of  special  studies  in  variability  of  living  beings  —  in 
particular  thè  limits  of  variability  in  thè  micro-  and  macrostructures  of  agarics, 
thè  elucidation  of  phylogenesis  complicated  by  a  polymorphism  peculiar  to 
them,  thè  phenomena  of  parallelism  and  homoplasia  —  is  beyond  doubt.  The 
results  of  these  studies  may  be  used  when  solving  thè  problems  of  evolution 
and  taxonomy  of  thè  Agaricales. 

The  evidence  on  thè  morphological  variability  in  thè  microstuctures  of 
agarics  are  rather  scanty  and  are  of  sporadic  character  (3nHrep,  1950;  TapH- 
0OBa — Campali,  1972;  Duncan — Galbraith,  1973).  The  main  regularities  of 
variability  have  not  yet  been  studied  and  thè  ways  of  subsequent  research 
have  not  been  contemplated. 

One  of  thè  reasons  of  this  state  of  affairs  is  thè  insufficiently  wide  appli¬ 
cation  of  thè  quantitative,  and  in  particular,  thè  statistical  methods  of  study. 
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Though  as  A.  G.  Raitviir  (1973)  remarks,  thè  .  .  application  of  even  simple 
mathematical  methods  pennits  differentiating  rather  accurately  thè  similar 
species  already  on  thè  basis  of  thè  quantitative  characters  and  that  thè  quan¬ 
titative  characters  are  more  reliable  than  certain  widely  used  qualitative  ones.” 

The  main  task  when  studying  thè  genus  Agaricus ,  like  that  of  all  Agari- 
cales ,  is  a  criticai  and  systematic  estimation  of  thè  taxonomic  value  of  thè 
characters.  As  F.  H.  Moeller  (1950 — 1951),  A.  Pilàt  (1951),  P.  Heinemann 
(1956),  L.  V.  Garibova  and  V.  L.  Mokeeva  (rapn6oBa— MoKeeBa,  1974),  have 
shown  thè  nuinber  of  characters  which  can  be  taken  into  account  (involving 
thè  morphologocultural  and  physiologobiochemical  ones)  when  studying  thè 
species  of  thè  genus  Agaricus  may  reach  42 — 43.  Hence  a  problem  on  thè 
objective  estimation  of  thè  taxonomic  significance  of  certain  characters  of  thè 
genus  Agaricus  arises.  In  our  paper,  dedicated  to  a  study  of  thè  systematics 
and  taxonomy  of  thè  genus  Agaricus ,  a  search  for  thè  taxonomically  significant 
character  was  thè  basis.  Concerning  thè  genus  Agaricus ,  this  was  not  a  chance 
platform.  The  extensive  non  systematized  variability  of  thè  characters  resulted 
in  thè  fact  that  R.  Singer  (1951)  even  wrote  about  thè  impossibility  of  con- 
structing  a  working  key  for  thè  identification  of  species  in  thè  genus  Agaricus. 

Many  characters,  playing  thè  apparently  leading  role,  are  taken  into 
account  in  thè  systematics  of  Agaricales  without  studying  thè  limits  of 
variability  and  this  often  causes  thè  description  of  numerous  unfounded 
species,  non-existent  in  nature. 

P.  Konrad — A.  Maublanc  (1948)  remark  apropos  of  this:  .  .  it  should 
not  be  forgotten  that  in  thè  books  there  are  much  more  macromycetes  than 
in  nature”. 

Based  on  thè  generai  observation  that  thè  generative  organs  are  least 
subjected  to  thè  direct  effect  of  environment,  thè  size,  shape  and  structure  of 
basidiospores  are  considered  of  thè  greatest  importance  in  thè  systematics 
of  agarics. 

Spore  sizes  in  thè  species  of  thè  genus  Agaricus  are  variable.  Therefore,  to 
evaluate  a  taxonomic  significance  in  thè  spore  sizes,  it  is  first  of  all  necessary  to 
detect  thè  range  of  their  variability  under  naturai  conditions.  For  this  purpose, 
specimens  from  different  geographical  zones  should  be  compared  and  a  study 
of  exisccates  and  type-specimens  would  be  necessary.  A  thorough  study  of  thè 
type-specimens  in  thè  source  of  thè  detailed  and  objective  diagnosis,  that  is 
thè  determination  of  each  new  taxon  of  specific  distinctness.  This  is  thè  only 
means  that  a  complete  criticai  representation  of  thè  existing  characters  of  thè 
taxon  and  thè  range  of  their  variability  can  be  established. 

The  type-specimens  of  thè  species  of  thè  genus  Agaricus ,  described  by  F.  H.  Moeller 
and  J.  Lange  from  Denmark  (Herb.  Museum  Botanicum  Hauniense  Fungi  Danici),  A.  Pilàt 
frorn  Czechoslovakia  (Herb.  Generale  Musei  Bohemiae  Pragae,  Flora  Bohemica),  G.  Bohus 
from  Hungary  (Herb.  Musei  Hist.-nat.  Hung.,  Budapest,  Flora  Hungarica),  P.  D.  Orton 
from  England  (Herb.  Hort.  Bot.  Reg.  Kew),  thè  exsiccates  made  by  Smith  (A.  H.  Smith, 
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Herb.  of  thè  University  of  Michigan,  USA),  and  by  Lundell  (S.  Lundell,  Fungi  exsiccati 
suecici  praesertim  Upsalienses)  as  well  as  thè  collections  of  thè  species  in  thè  herbaria  of  thè 
N.  G.  Kholodny  Institute  of  Botany  of  thè  Academy  of  Sciences  of  thè  Ukrainian  SSR.  in 
thè  V.  L.  Komarov  Institute  of  Botany  of  thè  Academy  of  Sciences  of  thè  USSR,  in  thè 
Departments  of  Thallophytes  of  thè  Biological  Faculty  of  thè  M.  V.  Lomonosov  Moscow 
State  University,  in  thè  Institute  of  Botany  of  thè  Lithuanian  SSR,  in  thè  Institute  of  Zool- 
ogy  and  Botany  of  thè  Academy  of  Sciences  of  thè  Estonian  SSR.  in  thè  Institute  of  Biologv 
and  Soil  of  thè  Far  East  Branch  of  thè  Academy  of  Sciences  of  thè  USSR,  have  been  thè  mate¬ 
rial  of  our  studies  to  determine  thè  sizes  of  basidiospores. 

A  list  of  all  studied  species  of  thè  genus  Agaricus  is  given  in  Table  1. 

The  measurements  were  made  by  means  of  an  ocular  micrometer,  100  mature  (coloured) 
spores  of  each  specimen  having  been  measured. 

The  final  size  of  spores  in  each  species  is  presented  as  thè  arithmetic  inean  ( Mm )  of 
thè  length  and  width  —  with  indication  of  theii  root-mean-square  deviation  (Ò)  by  E.  K. 
Merkuryeva  (MEPKyPbEBA,  1963).  The  arithmetic  mean  was  calculated  by  thè  formula 


y  jyj 

Mm  =  -  0  ,  where  a  sum  of  all  values  of  thè  character  is  given  in  thè  numerator  and  thè 

n 

number  of  thè  spore  measurements  in  thè  denominator;  thè  root  —  mean  — square  deviation 
is  presented  by  thè  formula 


ò  = 


i 


r  (Mjn  -  M0y- 

n  —  1 


The  data  obtained  are  used  for  thè  characteristics  of  another  very 
important  parameter,  thè  stahle  index  Km. 

This  is  a  ratio  of  thè  spore  length  to  its  width.  Km  was  calculated  from 
thè  K  of  each  of  thè  100  spores. 

Taking  into  account  thè  limits  of  variability  of  thè  spores,  thè  index 
KnV  differing  by  its  stability,  inay  he  used  as  a  criterion  of  thè  species  and  a 
rather  important  additional  criterion  of  thè  intrageneric  taxa  of  diverse  rank. 

When  comparing  two  or  more  specimens  from  thè  same  locality  or 
from  different  geographical  zones,  Km  is  found  to  he  practically  thè  same 
(see  Table  1,  thè  value  of  Km  for  A .  arvensis ,  A.  bitorquis ,  A .  purpurellus ,  A. 
maskae).  Km  may  be  called  an  index  of  thè  evolutionary  progressiveness  of  thè 
species,  since  thè  round  spores  are  considered  to  be  more  primitive  (Singer, 
1962).  Therefore  species  having  smaller  Km  are  inferably  older  in  evolution 
than  those  with  larger  ones.  A.  bernardii ,  having  Km  1.28,  seems  more  ancient 
than,  for  example,  A.  campestris  ( Km  ^  1.63).  The  evolutionary  youth  of  A. 
campestris  is  also  confirmed  by  other  characters  (width  of  area,  frequency, 
wide  polymorphism). 

The  values  of  Km  proved  to  be  similar,  to  a  sufficient  degree,  in  thè  intra¬ 
generic  taxa  and  in  some  of  their  species;  this  makes  it  possible  to  use  Km 
in  thè  complex  of  characters  as  a  reliable  additional  criterion  for  intrageneric 
classification. 

Numerous  classifications  of  thè  genus  Agaricus  exist  (Konrad — Mau- 
blanc,  1948;  Pilat,  1951;  Moeller,  1950 — 1951;  Singer,  1951;  1975;  Heine- 
mann,  1956;  Moser,  1967,  Table  2);  however  thè  criteria  assumed  as  their  basis 
are  not  systematized  and  frequently  neglected  by  many  authors  when  distin- 
guishing  thè  intrageneric  taxa  of  thè  same  rank.  For  example  in  thè  System 
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Table  1 

The  sizes  of  spores  and  index  of  evolutionary  progressiveness  of  species  in  thè  genus  Agaricus  Fr. 

emend.  Karst. 


Intrageneric 

taxa 

Species 

Average  size  < 

of  spores  in 

of  spores 

K  of  intrageneric  taxa 

length 

width 

Sub- 

sections 

Sections 

Sub¬ 

genera 

1 

2 

3 

4 

5 

6 

7 

8 

Agaricus  campestri s  Fr. 

*6.8±0.7** 

4.2  ±0.5 

1.63 

Agaricus  campestris  Fr. 

6.7  ±0.6 

4. 3  +  0. 6 

1.53 

«5 

<£> 

A.  cupreobrunneus  (J. 

3 

Schaeff.  et  Steer  ex 

u 

Moell.)  Moell. 

7.7  ±0.8 

4. 7  +  0. 5 

1.65 

A.  porphyrocephalus 

cc; 

(Moell.)  Moell. 

5.8+0.6 

3. 8  +  0. 3 

1.51 

1.51 

c 

XA.  spissicaulis  (Moell.)  Moell. 

7. 5  +  0. 8 

5. 1  +  0.5 

1.47 

.o 

X  A.  spissicaulis  (Moell.)  Moell. 

6. 9+0. 6 

5. 0  +  0. 4 

1.38 

O 

<v 

^A.  radicatus  Vitt.  ss. 

cfi 

-fi 

Romagn. 

7. 0  +  0. 3 

4.7  ±0.2 

1.47 

fi 

CD 

^ A.  radicatus  Vitt.  ss. 

Romagn. 

6. 6  +  0. 6 

4.7  ±0.4 

1.42 

*A.  bresadolianus  Bohus 

6. 8  +  0. 3 

4. 8+0. 2 

1.43 

3 

v! 

X  A.  bresadolianus  Bohus 

6. 3+0. 8 

4.1  ±0.4 

1.67 

e 

bC 

X A.  devlii  Pii. 

7.8  ±0.8 

5. 0+0. 5 

1.57 

XA.  benesii  Pii. 

7. 0  +  0. 4 

4.5  ±0.3 

1.55 

_o 

*A.  caroli  Pii. 

6. 4  +  0. 4 

4. 4  +  0. 2 

1.43 

o 

X A.  squamuliferus 

CD 

3 

(Moell.)  Pii. 

5. 4  +  0.4 

3. 6  +  0. 3 

1.48 

1.54 

1.41 

V) 

3 

1 

1  A.  annae  Pii. 

8. 4  +  0. 9 

4. 9  +  0. 4 

1.71 

"o 

fA.  altipes  (Moell.)  Moell. 

5.8  +0.3 

3. 9+0. 2 

1.51 

1.57 

e 

bC 

3 

{ A.  aestivalis  (Moell.)  Moell. 

8.1  ±0.4 

5.2  ±0.9 

1.55 

1' 

[ A.  langei  (Moell.)  Moell. 

8.7  ±0.8 

4. 9+0.5 

1.80 

cn 

CD 

1  A.  fuscofibrillosus 

3 

3 

(Moell.)  Moell. 

8. 1+0.3 

4. 9  +  0. 2 

1.63 

v 

b£ 

o 

A.  haemorrhoidarius 

3 

o 

Kalchbr.  et  Schulz. 

6. 3+0. 8 

3. 6+0. 5 

1.61 

CD 

V 

cfi 

A.  silvaticus  Schaeff.  ex  Secr. 

6. 2+0. 6 

4.1  ±0.4 

1.52 

+ 

A.  silvaticus  Schaeff.  ex  Secr. 

4. 8  +  0. 8 

3. 2+0. 6 

1.50 

CD 

1  A.  luteolorufescens  P. 

D.  Orton 

6. 3  +  0. 5 

4. 0+0.1 

1.53 

1  A.  vinosobrunneus  P. 

D.  Orton 

6.1  ±0.4 

3. 9+0. 5 

|  1.55 

A.  subfloccosus  (J.  Lge.) 

Pii. 

6. 0  +  0. 6 

4. 6+0. 3 

1.31 

< 

l 

A.  bisporus  (J.  Lge.) 

Imbach 

6.2  ±0.7 

4. 9+0. 4 

1.36 

*3 

A.  maleolens  (Moell.)  Moell. 

6.5  ±0.5 

4. 8+0. 2 

1.35 

i 

1 

- 

A.  hortensis  (Cke.)  Pii. 

5. 9+0. 5 

4. 3  +  0. 5 

1.40 

3 

e 

A.  gennadii  (Chat,  et 

] 

5- 

Boud.)  P.  0.  Orton 

6. 6+0. 4 

5.1  ±0.4 

1.29 

1.28 

X A.  gennadii  ssp.  micro- 

! 

n 

sporus  Bohus 

6.7  ±0.3 

5. 1+0.3 

1.30 

A.  bitorquis  (Quél.)  Sacc. 

5.1  ±0.3 

4. 4+0. 5 

1.16 

o 

A.  bitorquis  (Quél.)  Sacc. 

5. 6+0. 5 

4.7  ±0.5 

1.21 

CD 

A.  bernardiiformis  Bohus 

6.7  ±0.2 

5.7  ±0.2 

1.18 

A.  bernardii  Quél.  ap. 

Cke.  et  Quél. 

6.1  ±0.7 

4. 9+0. 5 

1.25 
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Intrageneric  taxa 


Species 

Average  size  of  spores  in 

Km  of 
spores 

K  of  intrageneric  taxa 

length 

width 

Sub- 

sections 

Sections 

Sub¬ 

genera 

2 

3 

4 

5 

6 

7 

8 

A.  augustus  Fr.  ss. 

auct.  non  Rick. 

7.8±0.4 

4.9±0.2 

1.59 

tA.  macrosporus  (Moell. 

et  J.  Schaeff.)  Pii. 

9.3±0.2 

7.2±0.6 

1.34 

1  A,  macrosporoides  Bohus 

9.3±0.3 

5.8±0.2 

1.61 

tA.  excellens  (Moell.) 

Moell. 

10.2±0.8 

6.2±0.5 

1.67 

[ A.  abruptibulbus  Pk. 

6.6  ±0.4 

4.9±0.3 

1.35 

*  A.  amanitaeformis  S. 

Wasser 

6.1  ±0.6 

4.5±0.3 

1.26 

*  A.  arvensis  Schaeff.  ex 

Secr. 

6.1  ±0.4 

4.1  ±0.4 

1.50 

1.46 

*A.  arvensis  Schaeff.  ex 

Secr. 

5.7  ±0.7 

3.7  ±0.5 

1.53 

fA.  chionodermus  Pii. 

7.4±0.6 

4.4±0.9 

1.44 

*A.  maskae  Pii. 

7.3±0.4 

5.1±0.4 

1.44 

tA.  maskae  Pii. 

6.8±0.5 

4.9±0.5 

1.40 

1  A.  nivescens  (Moell.) 

Moell. 

6.4±0.5 

4.6±0.3 

1.41 

A.  silvicola  (Vitt.)  Sacc. 

6.9±0.6 

4.3±0.5 

1.62 

A.  tabularis  Pk. 

7.1  ±0.6 

5.0  ±0.4 

1.43 

1.46 

1.43 

*A.  osecanus  Pii. 

7.0±0.6 

5.2±0.4 

1.36 

A.  xanthodermus  Gen. 

6.2±0.7 

4.0  ±0.4 

1.55 

B  A.  xanthodermus  Gen. 

5.9±0.3 

3.8  ±0.4 

1.53 

t A.  pilatianus  Bohus 

6.3±0.3 

4.6±0.4 

1.39 

A.  meleagris  J.  Schaeff. 

6.1  ±0.5 

3.9±0.2 

1.58 

1  A.  moelleri  S.  Wasser 

5.0±0.1 

3.1  ±0.2 

1.53 

A.  placomyces  Pk. 

5.2±0.5 

3.4±0.5 

1.57 

1.47 

A.  placomyces  Pk. 

5.1  ±0.4 

3.5±0.4 

1.45 

fA.  velenovskyi  Pii. 

5.2  ±0.4 

4.1  ±0.3 

1.28 

1  A.  phaeolepidotus 

(Moell.)  Moell. 

5.3  ±0.5 

3.8  ±0.5 

1.40 

B A.  pseudopratensis 

(Bohus)  Bohus 

5.6±0.3 

3.9±0.3 

1.42 

A.  piirpiirellus  (Moell.) 

Moell. 

4.8±0.3 

3.6±0.4 

1.35 

»» 

4.9±0.5 

3.8±0.3 

1.33 

5.5±0.3 

4.0  ±0.4 

1.44 

5.2  ±0.5 

4.0±0.3 

1.34 

1.40 

A.  semotus  Fr. 

5.8  ±0.7 

3.6±0.4 

1.63 

A.  xantholepis  (Moell.) 

Moell. 

5.6±0.7 

4.0±0.2 

1.39 

tA,  lutosus  (Moell.) 

Moell. 

5.1  ±0.4 

3.9±0.2 

1.28 

fA.  diminutivus  Pk. 

4.8  ±0.4 

3.3±0.3 

1.48 

Notes: 

*  thè  arithmetic  mean  of  length  and  width  of  100  spores  of  each  species; 

**  thè  value  of  root-mean-square  deviation  in  thè  case  of  each  species 
1  thè  type  of  species  was  taken  for  processing 

/x>  thè  material  collected  and  determined  by  H.  Romagnesi  was  taken  for  thè  study 
(A.  radicatus  Vitt.  ss.  Romagn.),  Sens  (Yonne)  Oct.,  1938. 

B  thè  material  collected  and  determined  by  G.  Bonus  was  taken  for  thè  study 
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of  M.  Moser  (1967),  thè  intrageneric  taxa  of  thè  same  rank  (sections)  are  dis- 
tinguished  sometimes  on  thè  basis  of  thè  flesh  colour  during  autooxidation 
( Rubescentes ,  Flavescentes ),  sometimes  on  thè  basis  of  carpophore  habitus 
( Minores ). 


Table  2 

Systems  of  thè  Genus  Agaricus  Fr.  em.  Karst. 
Konrad,  P.  —  Maublanc,  A.  (1948): 

Genus  Agaricus 

Section  Campestres  Konr.  et  Maubl.  (1924)  em. 

(=  Rufescentes  J.  Schaeff.  et  Moell.,  1938) 

Group  Campester 
Group  Silvaticus 

Section  Arvenses  Konr.  et  Maubl.  (1924) 

(=  Flaventes  J.  Schaeff.  et  Moell.) 

Group  Arvensis 
Group  Xanthodermus 
Group  Graciles 


Genus  Agaricus 


Pilàt,  A.  (1951): 


Subgenus  Euagaricus  Pii. 

Section  Rufescentes  J.  Schaeff.  et  Moell. 
Section  Sanguinolentae  J.  Schaeff.  et  Moell. 
Section  Flaventes  J.  Schaeff.  et  Moell. 
Subgenus  Melanophyllum  (Vel.)  Pii. 


Genus  Agaricus 


Moeller,  F.  H.  (1950  1951): 


Section  Rubescentes  Moell. 

Group  Edulis 
Group  Silvatica 
Group  Vaporaria 
Group  Spissa 
Group  Campestris 

Section  Flavescentes  J.  Schaeff.  et  Moell. 
Subsection  Majores  Fr.  p.  p. 

Group  Augusta 
Group  Arvensis 
Group  Xanthoderma 
Group  Macrospora 
Subsection  Minores  Fr. 


Singer,  R.  (1951): 

Genus  Agaricus 

Section  Campestres  Konr.  et  Maubl.  (1924)  em. 

Section  Sanguinolenti  J.  Schaeff.  et  Moell. 

Section  Arvenses  Konr.  et  Maubl. 

Section  Xanthod ermatei  Sing. 

Kuhner,  R.  Romagnesi,  H.  (1953): 

Genus  Psalliota 

Section  Rubescentes  ss.  Moell. 

Group  Bitorques 

Group  Rufescentes  J.  Schaeff.  et  Moell. 

Group  Sanguinolentae  J.  Schaeff.  et  Moell. 
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Section  Flavescentes  ss.  Moell. 

Group  Augustae  Kuhn,  et  Romagn. 
Group  Silvicolae  Kuhn,  et  Romagn. 
Group  Xanthodermae  Sing. 

Group  Minores  Fr. 


Genus  Agaricus 


Heinemann,  P.  (1956): 


Subgenus  Agaricus 

Section  Campestres  Konr.  et  Maubl. 
Section  Sanguinolenti  J.  Schaeff.  et  Moell. 
Section  Arvenses  Konr.  et  Maubl. 

Section  Xanthodermatei  Sing. 

Section  Brunneopicti  Heinem. 

Subgenus  Lanagaricus  Heinem. 

Section  Olivacei  Heinem. 

Section  Lanosi  Heinem. 

Section  Trisulphurati  Heinem. 

Subgenus  Conioagaricus  Heinem. 

Section  Intermedii  Heinem. 

Section  Pulverotecti  Heinem. 

Section  Striati  Heinem. 


Moser,  M.  (1967): 

Genus  Agaricus 

Section  Edules  ss.  Moell. 

Section  Rubescentes  ss.  Moell. 

Section  Flavescentes  ss.  Moell. 

Section  Minores  Fr. 

Section  Xanthodermatei  Sing. 


Genus  Agaricus 


Singer.  R.  (1975): 


Subgenus  Agaricus 

Section  Agaricus  (=  Campestres  Konr.  et  Maubl., 

=  Rufescentes  J.  Schaeff.  et  Moell.) 
Section  Sanguinolenti  (J.  Schaeff.  et  Moell.)  Sing. 
Section  Arvenses  Konr.  et  Maubl. 

(=  Flaventes  J.  Schaeff.  et  Moell.) 
Section  Xanthodermei  Sing. 

Subgenus  Lanagaricus  Heinem. 

Section  Olivacei  Heinem. 

Section  Lanosi  Heinem. 

Section  Lanagaricus  (=  Trisulphurati  Heinem.) 
Subgenus  Conioagaricus  Heinem. 

Section  Intermedii  Heinem. 

Section  Pulverotecti  Heinem. 

Section  Conioagaricus  (=  Striati  Heinem.) 


Genus  Agaricus 


Wasser,  S.  P.  (1976): 


Subgenus  Agaricus 
Section  Agaricus 

Subsection  Rufescentes  (J.  Schaeff.  et  Moell.)  S.  Wasser  comb.  n. 
Series  Campestris 
Series  Vaporaria 
Series  Spissicaulis 
Series  Radicata 
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Subsection  Sanguinolentae  (J.  Schaeff.  et  Moell.)  S.  Wasser  comb.  n. 
Series  Silvatica 
Series  Aestivalis 
Series  Lignicola 

Section  Duploannulatae  S.  Wasser  sect.  n. 

Subgenus  Flavoagaricus  S.  Wasser  subgen.  n. 

Section  Majores  Fr.  p.  p. 

Subsection  Flavescentes  (Moell.)  S.  Wasser  comb.  n. 

Series  Augusta 
Series  Arvensis 
Series  Macrospora 

Subsection  Xanthodermatae  (Sing.)  S.  Wasser  comb.  n. 

Section  Minores  Fr.  p.  p. 

Subgenus  Lanagaricus  Heinem. 

Section  Olivacei  Heinem. 

Section  Lanosi  Heinem. 

Section  Trisulphurati  Heinem. 

Subgenus  Conioagaricus  Heinem. 

Section  Intermedii  Heinem. 

Section  Pulverotecti  Heinem. 

Section  Striati  Heinem. 


As  a  result  of  thè  analysis  of  thè  morphological  and  anatomical,  cultural, 
physiological  and  biochemical  data  and  those  of  thè  biometrie  study  on  spores,  a 
new  System  of  thè  genus  Agaricus  is  suggested  (Table  2),  involving  four  sub¬ 
genera,  ten  sections,  four  subsections  and  ten  series.1 

In  our  System  a  complex  of  characters  with  thè  predominance  of  thè 
colour  character  —  thè  flesh  colour  under  autooxidation  which  is  Constant  in 
thè  genus  Agaricus  (turning  to  pink,  red  =  subgenus  Agaricus ,  turning  to 
yellow  =  Flavoagaricus)  —  is  assumed  as  a  basis  for  distinguishing  thè  sub¬ 
genera.  When  distinguishing  thè  sections  in  thè  subgenus  Agaricus ,  thè  structure 
of  thè  ring  (simple,  doublé  or  peronate)  is  taken  as  a  basis,  and  in  thè  subgenus 
Flavoagaricus  —  thè  habitus  of  thè  carpophores.  A  complex  of  characters 
which  are  assumed  as  a  basis  of  distinguishing  thè  intrageneric  taxa  of  thè 
same  rank  is  strictly  kept. 


Key  to  thè  intrageneric  taxa  of  thè  genus  Agaricus2 

la.  The  flesh  under  autooxidation  is  light  pink,  pink,  red,  carmine  red. 
Smeli  acidulous,  Schàffer’s  reaction  negative  as  a  ride 

subgenus  Agaricus  ...  2 


1  Our  System  is  based  on  thè  analysis  of  thè  species  of  thè  genus  Agaricus  froin  thè 
Northern  Hemisphere.  The  subgenera  Lanagaricus  and  Coniagaricus  (thè  species  of  which  grow 
in  thè  Southern  Hemisphere)  are  accepted  as  a  suggestion  of  P.  Heinemann  (1956)  without 
change,  because  we  had  no  possibility  to  study  their  types. 

2  The  key  is  composed  to  determine  thè  intrageneric  taxa  of  thè  genus  Agaricus  of  thè 
Northern  Hemisphere.  The  key  to  determine  taxa  of  every  rank  in  thè  Southern  Hemisphere 
is  given  in  thè  paper  of  P.  Heinemann  (1956). 
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lb.  The  flesh  under  autooxidation  is  yellow,  light  yellow,  yellowish  pink 
or  only  thè  foot  of  stem  turns  intensively  bright  chrome  yellow.  Smeli  almond 
or  anise.  Schàffer’s  reaction  positive  except  thè  species  of  thè  subsection 
Xantodermatae) 

subgenus  Flavoagaricus  ...  4 

2a.  The  ring  is  simple.  Cystidia  at  thè  edges  of  thè  lamellae  are  of  various 
form,  from  spheroid  to  davate;  spores  ovoid-ellipsoid,  ovoid 

section  Agaricus  ...  3 

2b.  The  ring  is  doublé3,  peronate.  Cystidia  at  thè  edges  of  thè  lamellae 
are  narrow,  spire-shaped,  davate;  spores  ovoid-spheroid. 

section  Diiploannulatae 

3a.  The  flesh  under  autooxidation  turns  to  light  pink,  pink 

subsection  Rubescentes 

3b.  The  flesh  under  autooxidation  turns  intensely  red,  carmine-red 

subsection  Sanguinolentae 

4a.  Species  of  middle  and  large  sizes  (pileus  6 — 25  cm  in  diameter). 
The  ring  is  well  developed,  squamose  below.  Spores  from  middle  to  large  sizes 
(to  12 — 13  jum  long) 

section  Majores 

4b.  Species  of  small  sizes  (pileus  2 — 6  cm  in  diameter).  The  ring  is  weakly 
developed,  often  disappearing,  naked  below.  Spores  of  small  sizes  (4 — 6  firn 
long) 

section  Minores 

5a.  The  flesh  under  autooxidation  turns  yellow,  light  yellow,  yellowish- 
pink;  no  smeli  of  carboxylic  acid.  Schàffer’s  reaction  positive 

subsection  Flavescentes 

5b.  The  flesh  under  autooxidation  turns  bright  chrome  yellow  only  at  thè 
foot  of  thè  stem;  with  smeli  of  carboxylic  acid.  Schàffer’s  reaction  negative 

subsection  Xanthoderniatae 

To  establish  thè  interrelations  within  thè  genus,  subgenera,  sections, 
subsections  and  series  it  is  necessary  to  study  and  analyze  thè  characters 
indicating  thè  relative  antiquity  or  youth  of  thè  species.  The  characters  of  area, 
quantity  of  thè  species,  shape  of  spores,  type  of  development,  structure  of 

3  The  doublé  ring  is  a  ring  peculiar,  for  example,  to  A.  bitorquis.  In  our  System  all 
species  with  thè  doublé  ring  belong  to  thè  section  Duploannulatae.  The  rest  of  thè  species 
have  a  simple  ring. 


17 
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lamella  trama,  character  of  intraspecific  variability,  spore  print  colour,  presence 
or  absence  of  spore  fibulas,  sex  differentiation  are  such  characters  for  agarics 
(Singer,  1962).  Having  grouped  morphologically  thè  similar  species  and  then 
taken  into  account  thè  similarity  of  Km ,  and  finally  analyzed  thè  characters 
indicating  thè  relative  youth  or  antiquity  of  thè  species  it  became  possible  to 
judge,  with  a  great  percentage  of  trustworthiness,  thè  level  of  evolutionary 
development  of  thè  species  or  groups  of  species,  and  thè  phylogenetical  rela- 
tions  within  thè  genus.  The  most  ancient  within  thè  limits  of  thè  genus  proved 
to  be  thè  section  Duploannulatae  of  thè  subgenus  Agaricus  (Km  for  thè  section 
is  1.28),  followed  by  thè  sections  Minores ,  subsections  Flavescentes ,  Xantho- 
dermatae  (Table  1). 

The  analysis  of  thè  sections  and  subsections  of  thè  genus  shows  that 
within  thè  limits  of  each  of  thein  there  are  species  with  both  low  and  high 
Km,  i.e.  thè  ancient  species  (A.  bernardii ,  A.  bitorquis ,  A.  velenovskyi)  and  thè 
young  ones  (A.  annae ,  A.  campestris ,  A.  langei ,  A.  xanthodermus). 

As  thè  value  of  Km  and  other  parameters  are  very  similar  in  certain 
species  of  different  sections  and  subsections,  one  may  safely  assume  simul- 
taneous  parallel  evolutions  within  thè  sections.  The  representations  concerning 
thè  simultaneous  parallel  evolution  of  thè  species  within  thè  sections  as  well 
as  thè  establishments  of  thè  most  ancient  species  in  each  of  them  and  thè 
relationship  between  these  will  be  a  reliable  basis  when  composing  thè  evolu¬ 
tionary  relations  in  thè  genus  Agaricus . 
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RECENSIONES 


Ecological  studies  in  Japanese  grasslands  with  special  reference  to  thè  IBP  area.  Productivity 
of  terrestrial  conununities.  J1BP  Synthesis.  Voi.  13.  Edited  by  M.  Numata.  Univ.  of  Tokyo 
Press,  1975. 

The  hook  is  a  suminarizing  volume  of  thè  Japanese  IBP  grassland  examinations,  under 
thè  editorship  of  M.  Numata.  The  volume  is  divided  into  10  chapters,  thè  number  of  articles 
varies  according  to  chapters.  The  various  articles  have  been  written  by  one  to  four  authors, 
thè  number  of  co-workers  is  altogether  43. 

In  Chapter  I,  Numata  deals  with  thè  preceding  events;  thè  formation  of  thè  grass¬ 
land  ecology  group  (1961),  then  thè  planning  and  surveying  of  thè  work  carried  out  in  thè 
first  and  second  phases  of  thè  IBP.  Grassland  investigations  were  carried  out  in  Miscanthus 
sinensis  and  Zoysia  japonica  types  as  well  as  in  dwarf  bamboo  (Sasa)  and  sown  pastures. 
The  main  part  of  thè  examinations  was  carried  out  in  thè  IBP  sampling  area  of  Kawatabi, 
with  four  additional  sampling  areas. 

Chapter  III,  dealing  with  thè  classification,  structure  and  succession  of  thè  grassland 
vegetation,  thè  articles  discussing  thè  changes  in  succession  and  structure  as  well  as  thè  rela- 
tions  between  succession  and  productivity  in  Miscanthus  associations  are  very  interesting. 
The  investigations  of  viable  buried  seed  population  are  worthy  of  special  attention.  Chapter 
IV  deals  with  thè  abiotic  factors  influencing  thè  biological  production.  In  thè  first  article 
of  this  Chapter,  Numata  and  Mitsudera  discuss  thè  environmental  factors  affecting  thè 
growth  and  production  of  Miscanthus  grasslands.  In  thè  other  articles,  thè  .authors  describe 
thè  climate,  soil,  relationship  between  soil  and  plant,  and  thè  effect  of  soil  on  thè  biological 
production.  The  authors  of  Chapter  V  treat  thè  question  of  measuring  and  comparing  thè 
primary  productivity  of  semi-natural  grasslands.  Thus  they  discuss  thè  production  of  above- 
ground  and  underground  organs  in  Miscanthus  association  and  thè  primary  production  of  thè 
semi-natural  pasture,  where  Zoysia  is  dominant  as  well  as  of  Arundinario-Miscanthetum.  The 
net  production  and  standing  crop  in  three  sampling  areas  of  Miscanthus  sinensis- type  associa¬ 
tions  are  surveyed  in  a  separate  compilation.  In  Chapter  VI  thè  seasonal  and  annual  changes 
in  thè  biomass  and  litter  are  summarized  and  also  thè  results  of  thè  Chemical  analysis  of  thè 
underground  and  aboveground  organs  of  Miscanthus  and  Sasa  palmata  are  given.  In  Chapter 
VII,  thè  authors  write  about  thè  influence  of  biotic  factors  on  grasslands.  They  studied 
thè  effect  of  cattle  grazing  on  vegetation  and  on  thè  inorphology  of  Sasa  in  pastures  where 
Sasa  dominates.  The  authors  studied  thè  possibility  of  eliminating  thè  harmful  effects  of  over- 
grazing.  An  interesting  study  is  given  in  this  Chapter  on  thè  comparison  and  economie  im- 
portance  of  productivities  in  thè  semi-natural  Miscanthus  pasture  and  that  improved  with 
a  mixture  of  orchardgrass  and  ladino  dover.  Another  extensive  study  deals  with  thè  causes 
of  deterioration  of  sown  grasslands  as  well  as  growth  in  weeds.  The  summary  of  examinations 
related  to  thè  amount  of  grazing  consumption  of  herbivorous  inseets  is  interesting.  Chapter 
Vili  contains  thè  studies  on  thè  decomposition  of  litter.  It  is  also  here  that  thè  summary  of 
microbiological  examinations,  thè  role  of  microfungi  in  thè  decomposition  processes,  thè  inves- 
tigation  of  Miscanthus  and  Sasa  litter  decomposition  in  semi-natural  conditions  in  five  years, 
thè  decomposition  of  meso-  and  macrofauna  litter,  and  thè  soil  respiration  of  Miscanthus 
grasslands  are  to  be  found. 

While  thè  former  chapters  were  in  their  majority  of  a  botanical  subject,  Chapter  IX 
is  faunistica!.  After  reviewing  thè  arthropod  fauna  of  thè  sampling  area,  thè  authors  review 
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thè  productivity  of  some  grasshopper  species.  Papers  describing  thè  extension  and  distribution 
of  populations  of  nesting  birds  and  small  mammals  are  also  included.  In  thè  last  chapter  two 
models  are  presented.  One  describes  thè  changes  and  dynamics  of  thè  biomass  in  Miscanthus 
and  Zoysia  plant  associations  in  grazed  conditions,  and  thè  other  in  non-grazed  ones. 

A  good  survey  of  thè  work  and  results  of  thè  JIBP-PT  section  is  provided  in  thè  volume. 
A  further  aid  to  comprehension  inay  be  thè  data  from  thè  literature  given  at  thè  end  of  thè 
various  chapters.  They  mainly  contain  Japanese  references. 

I.  Précsényi 


Pecypcbi  Enoc(j)epbi  (klToni  coBeTCKnx  HCCJieaoBaHHH  no  MoKAyHapoAHOii  EHOjiorimecKofi 
IlporpaMMe)  ÈbiJi.  1  1975.  286  ct.  1  p  97  k.  HaAaTejibCTBO  Hayna,  JleHHHrpaA 

(Resources  of  thè  biosphere.  Synthesis  of  thè  soviet  studies  for  thè  International  Biological 
Prograinme)  Volume  1.  1975.  286  pp.  97  k.  “Nauka”  Leningrad. 

Between  10  to  12  December,  1974,  thè  Soviet  National  IBP  Committee  organized 
a  symposium  summarizing  thè  results  on  thè  inain  sections  of  thè  Soviet  national  IBP  pro- 
gramme. 

The  first  volume  of  papers  presented  on  thè  symposium  was  published  in  1975  (Nauka, 
Leningrad),  witli  a  foreword  by  professor  B.  E.  Bychovsky  and  by  professor  O.  N.  Bauer, 
chairman  of  thè  Soviet  National  IBP  Committee. 

The  soviet  biologists  participate  in  thè  International  Biological  Prograinme  since  1964. 
The  Soviet  National  IBP  Committee  organized  more  than  250  scientific  institutions  of  various 
subordination,  inade  regular  Communications  witli  thè  SCIBP  and  with  thè  international 
sectional  cominittees. 

The  studies  have  been  performed  according  to  thè  “Soviet  biological  national  pro- 
gramme”  (Publishing  House  “Nauka”  1969).  Productivity  of  terrestrial,  fresh-water  and 
marine  ecosystems,  theoretical  bases  of  terrestrial  conservation,  biological  control  of  thè  main 
pests,  plant  gene  pools  were  studied. 

The  present  volume  comprises  thè  concluding  articles  on  thè  sections  “Productivity 
of  terrestrial  communities”  and  “Production  processes”. 

V.  F.  Shamurin,  V.  D.  Aleksandrova,  B.  A.  Tikhomirov:  Priinary  production  of  tundra 
communities 

The  primary  production  of  plant  communities  of  polar  desert,  tundra,  and  forest-tundra 
is  reviewed,  with  special  reference  to  thè  published  data.  The  data  include  thè  structure  and 
stock  of  thè  aboveground  and  underground  phytomass  in  communities  of  thè  watershed  plains 
and  inountains  in  various  localities  of  tundra  in  thè  USSR.  The  seasonal  changes  in  thè  above¬ 
ground  phytomass,  thè  values  of  its  animai  increase  and  litter-fall  are  included  for  some  com¬ 
munities. 

P.  L.  Gorchakovsky,  N.  J.  Andreyashkina:  Studies  on  primary  production  of  communities 
at  thè  station  “Harp”  (forest-tundra) 

At  thè  forest-tundra  station  “Harp”  phytomass,  animai  production  of  aboveground 
parts  of  vascular  plants,  and  thè  rate  of  decoinposition  were  studied  in  10  types  of  plant  com¬ 
munities  (6  tundra,  2  meadows,  1  swamp,  1  open  woodland  community). 

Techniques  of  determination  of  animai  production  of  hypoarctic  shrubs  and  shrublets 
have  been  developed. 

G.  B.  Gortinsky,  A.  A.  Molchanov,  M.  A.  Abrasiiko,  A.  D.  Vakurov,  I.  I.  Gusev,  I.  V. 
Zaboeva,  Yu.  N.  Neshataev,  V.  V.  Smirnov,  A.  I.  Utkin:  Productivity  of  forests  in  thè 
European  part  of  thè  USSR 

The  biological  productivity  of  forests  of  various  botanico-geographical  subzones  of  thè 
USSR  is  reviewed.  The  productivity  of  spruce  forests  increases  from  thè  northern  taiga  to 
southern  taiga,  and  within  subzones  —  in  thè  south-west  direction  as  thè  Continental  properties 
of  chinate  decrease.  Maximum  values  (460  t/ha)  are  known  for  Larix  stands,  thè  spruce  stands 
in  thè  same  conditions  reaching  up  to  350  t/ha  of  dry  mass.  The  highest  values  of  annual 
production  (more  than  10  t/ha)  are  noted  for  thè  spruce  forests  in  Estonia,  thè  Moscow  district, 
and  for  Quercus  stands  in  thè  Voronezh  Reservation.  Metabolism  is  essentially  different  depend- 
ing  on  tree  species  and  on  thè  Chemical  properties  of  thè  soil. 
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L.  K.  Pozdnyakov:  Productivity  of  forests  in  Siberia 

Data  are  published  on  thè  biological  productivity  of  forests  in  Siberia  obtained  during 
th  last  five  years  by  thè  Sukachev  Institute  of  Forests  and  Timber,  Siberian  Branch,  Ac.  Sci. 
USSR.  Phytomass  of  thè  ripening  and  ripe  forests  increases  from  60  t/ha  to  250  as  thè  Conti¬ 
nental  properties  of  climate  decrease.  As  a  rule  thè  productivity  of  Larix  stands  is  higher  than 
that  of  pine  stands  under  thè  analogous  conditions  in  thè  middle  taiga  zone.  As  thè  Continental 
properties  of  climate  increase,  thè  ratio  of  leaf  weight  to  thè  total  aboveground  phytomass 
increases.  The  masses  of  crowns  of  different  species  under  different  conditions  are  very  similar 
and  depend  only  on  thè  size  of  trunks.  Chemical  composition  in  stands  growing  under  thè  saine 
climatic  conditions  may  considerably  vary  and  it  depends  on  soil. 

N.  I.  Bazilevich  (ed):  Productivity  of  steppe,  meadow  and  swamp  biogeocoenoses  of  thè 
forest  steppe 

The  results  of  studies  of  12  grass  biogeocoenoses  in  thè  subzone  of  thè  meadow  steppe 
in  thè  European  part  (Kursk  and  Tambov  stations)  and  in  thè  Asiatic  part  of  thè  USSR  are 
reviewed  (Asiatic  part  —  Karachi  station).  A  complex  characteristic  of  environment, 
vegetation,  fauna,  microorganisms  is  produced  for  each  biogeocoenosis.  Phytomass  stock, 
annual  production,  loss  of  matter  are  described  in  their  seasonal  and  annual  changes,  as  well 
as  thè  mineralization  of  organic  matter.  The  correlations  between  thè  annual  production  and 
hydrothermal  regime  are  pointed  out.  The  significance  of  thè  heterotrophic  organisms  (their 
various  trophic  groups)  in  thè  mineralization  of  thè  litterfall  is  revealed.  A  functional  model 
(blocks  and  flows  are  outlined)  of  turnover  processes  and  a  mathematical  model  of  water  turn¬ 
over  processes  are  constructed  for  thè  grass  biogeocoenoses. 

N.  P.  Guricheva,  O.  M.  Demina,  G.  J.  Kozlova,  L.  I.  Nomokonov,  K.  D.  Stepanova: 
Productivity  of  meadow  communities 

Meadow  communities  (associations  of  perennial  grass-like  inesophytes)  are  autotrophic 
components  of  meadow  biogeocoenoses  with  a  complex  space-time  structure.  Most  widely 
meadows  are  distributed  in  thè  forest  and  steppe  zones  having  temperate  climate.  Accord- 
ing  to  position,  meadows  are  Continental,  flood-plain,  and  mountain  meadows. 

The  PT  IBP  programine  included  thè  study  of  41  types  of  meadows  at  12  stations 
on  thè  plains  of  thè  USSR.  More  complex  studies  have  been  made  at  thè  station  “Otradnoe” 
(Continental  meadow  of  Karelia)  and  at  thè  station  “Karachi”,  Novosibirsk  district  (lake 
flood-plain  meadows).  The  total  phytomass  stock  of  thè  Continental  meadows  varies  from 
15  to  60  t/ha,  with  a  mean  ratio  of  aboveground  to  underground  phytomass  1:1  —  1:6  (12). 
The  corresponding  figures  for  flood-plain  meadows  are  17  —  75  t/ha,  and  196  (9).  Fertilization 
can  increase  thè  productivity  of  meadows  1.5  —  3  times. 

L.  E.  Rodin  (ed):  Productivity  of  desert  communities 

The  results  of  IBP  studies,  made  at  5  stations  in  thè  USSR  (sand  desert  M.  Barsuky; 
sand  desert  Taukum;  gypsum  plain  in  Kysylkum;  Central  Karakum,  Karrykul;  South-Eastern 
Karakum,  Repetek  reservation),  and  at  one  station  in  thè  Mongolian  People’s  Republic  (Gobi) 
are  described.  These  stations  are  distributed  throughout  thè  various  subzones  of  thè  desert 
zone  in  Asia.  The  physico-geographic  characteristics  of  these  stations  are  pointed  out:  15  com- 
munities  (naturai  and  anthropogenic)  have  been  studied,  formed  by  trees  (Ammodendron 
( irgenteum ,  Haloxylon  ammodendron ),  shrubs  f Ephedra  lomatolepis) ,  semishrubs  ( Calligonum 
sp.),  semi-shrublets  (Artemisia,  Salsola ,  Anabasis) ,  and  grasses  ( Agropyron  fragile) .  The  data 
are  given  on  phytomass,  annual  increase  (production),  litterfall  for  thè  aboveground  and 
underground  parts  of  thè  communities.  Water  balance,  photosynthesis,  and  chemical  com¬ 
position  are  discussed  for  thè  main  edificators.  The  features  of  thè  biological  turnover  of  thè 
ash  elements  and  of  nitrogen,  thè  calorific  value,  are  considered.  The  pasture  value,  stock  of 
fuel  wood  are  evaluated,  thè  ways  of  rational  use  are  pointed  out. 

K.  A.  Malinovsky  (ed):  Productivity  of  mountain  communities  in  thè  USSR 

The  results  of  IBP  studies  in  some  mountaineous  regions  of  thè  USSR  (Caucasus, 
Carpathian  mountains,  Tien  Shan,  Pamirs)  are  described.  Various  communities  are  analyzed, 
ineluding  mountain  forests  (of  Picea  abies ,  Malus  siversii ,  and  artificially  planted  Pinus  sii - 
vestris ),  subalpine  shrubs  (Pinus  mugo ,  Alnus  viridis),  various  mountain  meadows  ( Nardeta , 
Festuceta.  Deschampsieta ,  Cariceto ,  etc.),  mountain  steppe  communities  ( Stipeto ,  Dichantieta , 
etc.),  high-inountain  steppe  communities  ( Hordeeta),  cushions  high-mountain  desert  commun¬ 
ities  (Ceratoideta) ,  cryophyle  ( Oxitropideta ),  etc. 

The  main  physico-geographic  characteristics  of  communities,  phytomass,  annual  pro¬ 
duction.  litterfall  are  indicateci  for  thè  aboveground  and  underground  parts  of  thè  communities. 
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The  features  of  biological  turnover  of  ash  elements  and  of  nitrogen  thè  calorific  value,  are 
discussed. 

L.  N.  Dobrinsky:  Optimum  density  and  optimum  structure  of  animai  populations 

Numbers  and  biomass  of  animals,  significant  commercially  or  biologically  are  ineasured 
in  various  parts  of  their  areas.  The  results  of  soviet  ecologists  on  thè  biomass  of  wild  animals 
in  various  zones,  on  population  structure,  and  on  population  dynamics  are  discussed,  as  well 
as  some  results  of  studies  in  field  stations. 

M.  S.  Ghilarov,  Yu.  I.  Chernov:  Soil  invertebrates  in  cominunities  of  thè  temperate  zone 

A  synopsis  of  results  of  thè  quantitative  pedo-zoological  studies  in  thè  USSR,  made 
within  thè  IBP  program,  is  published.  Numbers  and  mass  for  various  groups  of  soil  fauna  in 
thè  inaili  zonal  communities  froin  tundra  to  desei t  are  included.  The  total  quantitative  indices 
of  thè  soil  fauna  are  correlated  to  those  of  thè  plant  cover.  Various  forms  and  scale  or  biogeo- 
coenotic  activities  of  soil  animals  are  deinonstrated,  based  on  thè  community  structure  and 
on  data  of  experiinental  researches. 

T.  V.  Aristovskaya:  Numbers,  biomass  and  productivity  of  soil  bacteria 

Quantitative  characteristics  of  bacteria  were  studied  for  soils  in  various  geographic 
zones.  In  every  location,  short-time  fluctuations  of  numbers,  biomass  and  productivity  are 
revealed,  thè  sharpest  in  soils  of  thè  far  North.  The  rate  of  propagation  and  death  of  bacteria 
in  soils  depend  on  soil  and  climate  peculiarities  and  on  season.  The  production  process  is  not 
continuous  and  thè  most  intensive  formation  and  disappearance  of  bacterial  biomass  takes 
place  in  certain  months  or  weeks  during  thè  active  season. 

E.  N.  Mishustin,  T.  A.  Kalininskaya,  N.  M.  Shemakhanova:  Assimilation  of  molecular 
nitrogen  by  free-living  and  symbiotic  microorganisins 

The  results  of  studies  in  biological  fixation  of  nitrogen  are  summarized,  performed  by 
thè  participants  of  thè  IBP  in  thè  USSR  in  1966  1972.  The  following  sections  are  discussed: 

biochemistry  of  biological  fixation  of  nitrogen,  symbiotic  fixation  of  nitrogen  by  Leguminosae 
and  non-Leguminosae,  free-living  N-fixators,  Cyanophyceae ,  symbiotic  and  non-symbiotic  N- 
fixation  in  nitrogen  balance  of  soil. 

To  sum  up,  it  can  be  stated  that  in  this  synthesis  thè  phytomass  stock,  annual  produc¬ 
tion,  processes  of  mineralization  and  turnover  in  various  types  of  biogeocoenoses  tundra, 
forests,  grasslands,  deserts  —  are  analyzed. 

Informations  are  given  on  thè  biomass  of  wild  animals  and  soil  bacteria  in  various  zones 
as  well  as  on  thè  results  of  thè  first  interdisciplinary  studies  of  thè  Soviet  ecologists. 

The  present  review  of  thè  most  important  results  of  thè  Soviet  scientists  in  thè  frame 
of  thè  IBP  may  be  recommended  for  all  those  interested  in  ecology,  productivity  and  nature 
conservation. 

E.  Lang 


Darimont,  F.:  Recherches  mycosociologiques  dans  les  forèts  de  Haute  Belgique  I  II.  Institut 
Royal  des  Sciences  Naturelles  de  Belgique.  Mémoire  No.  170.  1973,  pp.  1  —  220,  witli  a  coloured 

map,  34  colour  plates  and  30  tables;  price  4000  francs. 

It  is  a  great  pity  that  thè  excellent  work  of  Fredi  Darimont  could  not  be  published  after 
its  completion  in  1952,  soon  after  thè  early  demise  of  its  author.  Therefore,  regrettably,  it  could 
not  be  considered  in  mycocoenological  researches  (not  even  in  thè  Belgian  ones)  that  bave 
since  tlien  been  carried  on  extensively.  A  study  of  thè  work  would  have  been  especially  useful 
for  thè  authors  of  thè  sumrnarizing  works  that  have  been  published  since  that  time. 

Even  so,  it  is  fortuitous  that  in  thè  organization  of  thè  Institut  Royal  des  Sciences 
Naturelles  de  Belgique,  with  thè  financial  support  of  thè  Institute  and  of  others,  thè  work 
could  be  published  in  two  volumes,  in  a  representative  edition,  yet  only  as  a  posthumus  work. 
The  costs  of  thè  publication  were  considerably  increased  by  thè  34  colour  plates,  and  thè 
large-size  tables  enclosed  in  a  separate  volume. 

The  author  carried  out  thè  surveys  in  18  forests  relegable  to  6  associations  and  forest- 
types,  as  follows: 

Quercetum  sessiliflorae  medioeuropaeum: 

45  areas  observed,  2  areas  analyzed  mycocoenologically 
Fagetum  boreoatlanticum:  6  —  3 
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Querceto-Carpinetum  medioeuropaeum  primuletosum  veris:  28  —  3 
Querceto-Lithospermetum  :  3  —  1 
Acereto-  Fraxinetum  :  18  —  4 

Querceto-Carpinetum  medioeuropaeum  caricetosum  glaucae:  9—1 

In  ecoclimatically  uniform  areas,  thè  physiognomically  homogeneous  fungus  coinmuni- 
ties  were  studied  within  their  naturai  boundaries  instead  of  observing  Constant  squares. 

The  basis  of  thè  author’s  view  is  that  fungi,  besides  thè  two  great  groups  of  plants  and 
aniinals,  should  be  considered  a  separate  phylum. 

Within  thè  areas  of  forest  associations,  and  forest  types,  forest  “mycotopes”  are  sep- 
arated.  Such  are,  for  example,  thè  surface  of  thè  soil  with  humus  content,  thè  surface  of  a  fallen 
tree  trunk,  etc.  The  mycotopes  are  populated  with  fungus  communities  (Mycetation),  divided 
by  thè  author  into  classes.  With  regard  to  thè  mycocoenoses  of  thè  surface  of  thè  forest  soil, 
such  a  class  is  thè  Cortinario- Boletacea.  Within  thè  classes,  orders  are  distinguished.  and  within 
these  further  units  separated.  For  example: 

Class:  Cortinario- Boletacea 

Order  I:  Boleto- Amanitecia 

mycocoenoses  of  forests  on  silicate  soil 
Order  II:  Cortinario- Inocebia 

mycocoenoses  of  calcicolous  forests 
Order  III:  Galactinio-Laccariecia  tortilis 

mycocoenoses  of  clay  soils  laid  bare 

Tii  e  author  has  analyed  thè  species  characteristic  of  thè  various  units.  In  order  to 
eh  arcterize  and  compare  thè  fungus  communities,  he  studied  their  frequency,  constance, 
sociability  and  fidelity  interpreting  them  on  thè  basis  of  his  own  conception. 

In  thè  synoecological  eharacterization  of  thè  various  fungus  communities,  Darimont 
inentions  conditions  different  from  those  observed  in  Hungary.  So,  for  example,  he  charac- 
terizes  Morchello-Cortinariecium  as  follows:  “Calcicole,  basophile  (pH  7  —  7.3),  mesophile, 
termophile”  and  under  thè  “Characteristiques  exclusives”  enumerates  e.g.  Caloporus  ( Poly- 
porus)  cristatus  which  grows  in  Hungary  exclusively  on  soils  with  pH  values  3.5—5.  Further 
he  writes  from  Boletecium  regii  socioinycium:  “Calcicole,  basophile  (pH  7  —  7.5),  xerophile, 
termophile.”  And  as  regards  Boletus  regius  —  thè  species  giving  thè  name  of  thè  unit  —  it 
grows  in  Luzulo-Quercetum  and  in  thè  more  acidic  stands  of  Quercetum  petraeae-cerris  in  Hun¬ 
gary. 

The  cause  of  differences  may  probably  be  found  in  thè  fact  that,  owing  to  thè  stronger 
bleaching,  thè  mosaicisin  of  thè  biotopes  is  increased  in  Belgium  where  precipitation  is  more 
frequent.  It  seems  also  probable  that  Darimont  did  not  measure  thè  pH  values  of  thè  soil 
in  habitat  spots  but  took  into  consideration  rather  thè  reaction  character  of  thè  basic  rock. 
Examples  of  such  phenomena  are  found  also  in  Hungary  (Biikk  mountains);  there  are  areas 
with  liinestone  as  thè  basic  rock,  but  where  thè  overlying  thicker  soil  cover  became  locally 
acidic,  resulting  in  thè  appearance  of  species  otherwise  characteristic  of  soils  on  an  acidic 
rock  substrate. 

G.  Bohus 


C.  L.  Hitchcock  — A.  Cronquist:  Flora  of  thè  Pacific  Northwest.  An  illustrated  Manual. 
Univ.  Washington  Press,  Seattle  — London,  1973.  XIX  730  pp.  £  9. — 

The  manual  of  vascular  plants  inhabiting  thè  Pacific  Northwest  (Washington,  thè 
mountain  regions  of  North  Oregon,  North  Idaho  and  Montana)  is  a  concise  version  of  thè 
5-volume  compilation  published  in  thè  course  of  one  and  a  half  decades  (1955  —  1969).  Now 
it  is  a  one-volume  work  in  a  different  form.  The  flora  approximately  3  —  4  thousand  species 
of  thè  extensive  region  in  thè  USA  mentioned  above  —  could  be  presented  in  one  volume  by 
unusual  conciseness  only  and  in  thè  form  of  keys  with  drawings.  It  must  be  emphasized  right 
at  thè  beginning  that  this  impressive  manual  of  large  form  is  a  masterpiece  of  conciseness: 
almost  every  mm2  of  thè  type-area  has  been  perfectly  used,  and  yet  carried  out  without  detri- 
ment  to  thè  comprehensibility.  The  dichotomic  keys,  which  for  reasons  of  shortness  work  with 
more  than  a  hundred  morphological  and  geographical  abbreviations  in  addition  to  thè  con- 
ventional  signs,  make  possible  thè  identification  of  all  species  (and  even  many  of  thè  varieties) 
of  this  region  so  rich  in  flora.  Parallel  with  thè  keys  thè  habitat  picture  or  section  drawings 
of  most  of  thè  species,  scaled  down  strongly,  are  to  be  found  on  thè  left  margin  of  thè  pages. 

After  thè  short  introduction  and  morphological  dictionary,  thè  manual  offers  two  types 
of  key  for  thè  identification  of  thè  families,  then  thè  descriptive  part  follows,  making  up 
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95%  of  thè  hook.  Dicotyledonous  families  follow  each  other  in  Engler’s  System,  while  thè 
monocotyledonous  families  that  of  Cronquist.  On  thè  other  hand.  thè  various  genera  are 
placed  in  thè  alphabetic  order  within  thè  family,  which  is  unusual  for  us.  In  thè  genera,  thè 
concise  morphological  description  and  generic  name  etymology  are  given  then  thè  keys  to 
species  (sometimes  to  subspecies  or  to  varieties).  After  thè  morphological  description,  thè 
habitat  and  range  of  all  taxa  are  given,  together  with  their  more  important  synonyms.  (The 
latter  are  without  authors’  names  and  not  extensive;  concerning  thè  details,  they  refer  to  thè 
five-voluine  text-book.)  It  is  a  useful  help  that  occasionally  there  are  even  two  types  of  key 
(for  example,  in  Umbelliferae  and  Compositae ,  for  both  thè  vegetative  and  thè  reproductive 
phases;  in  Astragalus ,  a  genus  rich  in  species,  on  thè  basis  of  both  thè  blossoming  and  fruiting 
stages).  —  The  great  majority  of  thè  families  have  been  elaborated  by  Hitchcock.  while  thè 
smaller  part  by  Cronquist;  most  of  thè  pictures  are  by  J.  R.  Janish.  Concerning  thè  pictures  it 
should  be  noted  that  they  are  mostly  not  habitat  pictures  but  mainly  section  drawings  neces- 
sary  for  identification.  In  thè  interests  of  conciseness,  thè  extent  of  neither  their  minimization 
nor  their  magnification  is  indicated.  The  section-drawings  —  owing  to  their  connecting  lines 
being  dropped  —  do  not  always  permit  an  unambiguous  identification  and  thè  tiny  pictures 
can  only  be  used  with  thè  aid  of  a  magnifying  glass. 

The  very  accurate  and  thorough  lay-out  and  thè  excellent  quality  of  paper  contribute 
to  a  great  extent  to  thè  fact  that  this  floristic  manual  of  a  very  thorough  and  extremely  concise 
composition  and  illustration  is  an  indispensable  handbook  for  those  who  wish  to  know  thè 
flora  of  thè  enormous  area. 

Sz.  Priszter 


C.  FleTpoB:  OnpeACJiHTeji  Ha  MbXOBCTe  b  0*bJirapiiH  (S.  Petrov:  Key  to  thè  identification 
of  bryophytes  in  Bulgaria).  1975,  536  pp,  124  plates,  Izd.  Akad.  Nauk.,  Sofia 

An  important  summarizing  work  in  bryology  has  been  published  by  S.  Petrov.  It  con- 
tains  thè  whole  bryophyte  flora  of  Bulgaria.  Its  knowledge  is  of  great  importance  for  European 
florists  and  moss  geographers.  Before  this  publication  thè  relevant  data  have  been  known 
from  various  scientific  papers  only.  At  thè  same  time,  this  work  is  an  addition  to  a  great 
extent  also  to  thè  literature  on  thè  bryophyte  flora  of  South  Europe. 

The  flora  of  Bulgaria  contains  670  bryophyte  species;  among  these.  167  are  liverwort, 
26  Sphagnum  and  476  moss  species. 

The  work  consists  of  two  parts:  generai  part  and  taxominocal. 

The  generai  part  deals  with  thè  technique  of  moss  collecting;  thè  requirements  of 
establishing  a  herbarium;  thè  instructions  on  thè  identification  of  moss  species  as  well  as  on 
thè  use  of  keys;  thè  preparation  of  liverworts,  Sphagnum  and  mosses  for  their  identifica¬ 
tion.  This  part  deals  with  thè  explanation  of  fundamental  terms  related  to  thè  organic  con- 
struction  of  mosses;  excellent  drawings  illustrate  them  and  facilitate  thè  use  of  keys. 

The  taxonomical  part  contains  thè  keys  to  bryophytes  inhabiting  Bulgaria.  The  main 
taxonomical  groups  (thalloid  liverworts,  leafy  liverworts,  Sphagnums,  mosses)  are  divided 
on  thè  basis  of  thè  characteristic  external  properties  of  thè  gainetophyton.  The  description 
follows  with  keys  to  genera  in  liverworts,  then  keys  to  species  of  each  of  thè  various  genera. 
Owing  to  their  great  nuinber  thè  genera  of  mosses  are  divided  into  12  main  character 
groups:  within  these  main  groups,  thè  various  genera  are  separated  by  keys.  Within  thè  genera, 
species  keys  are  elaborated.  Within  Sphagnums  (as  there  exists  only  one  genus,)  thè  species 
keys  are  elaborated.  Together  with  thè  keys  in  all  three  groups  also  thè  short,  concise,  illustra¬ 
tive  description  of  thè  genera  is  provided.  At  thè  end  of  thè  description  of  species  there  are 
remarks  related  to  thè  habitat. 

In  order  to  facilitate  thè  identification  of  thè  bryophyte  species,  drawings  of  good  quality 
are  given.  They  emphasize  thè  most  remarkable  characteristics  of  thè  various  species  and  may 
be  useful  also  for  researchers  —  in  thè  identification  of  thè  various  moss  species  —  who  do 
not  know  thè  Bulgarian  language.  The  book  is  completed  by  a  list  of  references,  a  detailed 
table  of  contents,  and  a  Bulgarian  and  Latin  language  index  of  moss  names. 

The  handbook  is  in  Bulgarian,  for  it  has  primarily  been  compiled  in  order  to  facilitate 
thè  work  of  Bulgarian  bryologists.  It  is  difficult  for  foreign  researchers  to  use  it.  but  thè  Latin 
language  species  list  and  thè  very  usable  drawings  of  thè  good  lay-out  make  it  possible  for  all 
bryologists  to  use  it  at  least  partly.  The  handbook  offers  a  great  help  in  thè  identification 
of  many  South-European  moss  and  liverwort  species. 

S.  Orban 
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R.  K.  3epOB,  JI.  H.  napTHKa:  MoxonoflibHi  yicpaiHbCKHx  KapnaT  (D.  K.  Zerov,  L.  A, 
Partirai  The  mosses  of  thè  Ukrainian  Carpathians).  1975.  230  pp,  13  maps,  Naukova  Dumka. 
Kiev 


The  authors  processed  thè  data  on  thè  bryophyte  flora  of  thè  Ukrainian  part  of  thè  NE 
Carpathians.  This  region,  owing  to  thè  numerous  interesting  bryophyte  species,  is  one  of  thè  most 
explored  regions  of  thè  Carpathians.  The  first  data  on  thè  mosses  of  this  area  were  published 
in  1847,  thus,  thè  results  of  more  than  a  hundred  years’  bryological  research  work  are  sum- 
marized  in  thè  hook. 

The  Ukrainian  Carpathians  are  of  a  great  variation  both  geologically  and  geomorpho- 
logically,  therefore  its  bryophyte  flora  is  also  very  rich.  It  contains  623  bryophyte  species, 
2  of  which  belong  in  thè  Anthocerotopsida ,  163  in  thè  Hepaticopsida  and  488  in  thè  Bryopsida 
(26  in  thè  Sphagnum  and  462  in  thè  moss)  classes. 

The  distribution  of  thè  species  according  to  floristic  elements  also  confirms  thè  plant 
geographical  importance  and  thè  manifoldness  of  thè  bryophyte  vegetation  of  thè  region. 
The  distribution  of  thè  bryophyte  species  according  to  area  is  as  follows:  77  arcto-alpine,  63 
boreo-arctic,  194  boreal,  21  boreo-nemoral,  166  nemoral,  22  nemoral-Pontic,  30  Mediterran- 
ean-nemoral,  1  nemoral-Mediterraneo-Pontic,  1  Mediterranean,  47  holarctic  and  24  elements 
of  non-determined  area. 

The  most  interesting  species,  new  for  thè  whole  area  or  very  rare  in  thè  whole  Car¬ 
pathians,  are  as  follows:  Clevea  spathysii ,  Metzgeria  fruticulosa.  Metzgeria  ha  mata.  Pallavicina 
lyellii.  Fossombronia  pusilla ,  Cephalozia  loitlesbergeri ,  Calypogeia  sphagnicola ,  Gymnomitrium 
apiculatum ,  Gymnomitrium  coralloide s,  Scapania  subalpina ,  Frullania  jackii.  Sphagnum  balti- 
cum,  Sphagnum  papillosum ,  Fissidens  rufulus ,  Fissidens  marginatulus ,  Trichostomum  viridu- 
lum ,  Conscinodon  cribrosus ,  Orthotrichum  leucomitrium ,  Myurella  tenerrima. 

The  work  consists  of  four  main  parts.  In  thè  first  part  thè  authors  review  in  detail 
thè  history  of  thè  bryophyte  research  related  to  thè  area.  In  thè  second  part  (constituting 
three-quarters  of  thè  book),  thè  species  occurring  in  thè  region  are  reported  in  their  taxonomical 
order,  together  with  their  hahitats;  all  thè  earlier  data  of  literature  and  herbaria  are  also 
processed.  In  thè  third  part,  thè  vertical  distribution  of  mosses  and  liverworts  is  analyzed. 
Three  vegetation  belts  are  examined,  viz.  beech,  fir  and  subalpine-alpine  belts  (as  thè  true 
alpine  is  only  of  insignificant  magnitude),  and  within  thè  forest  parts  thè  rocky  and  rnarshy 
sites  are  examined  separately.  The  characteristic  moss  associations  of  all  vegetation  belts  are 
enumerated.  The  last  chapter  provides  thè  plant-geographical  analysis  of  thè  mosses  and  liver¬ 
worts  in  thè  Ukrainian  Carpathians,  giving  thus  valuable  pieces  of  information  on  thè  bryo- 
phytes  of  thè  region  according  to  groups  of  fiorai  elements.  The  most  interesting  in  thè  flora 
of  thè  region  are  thè  arctoalpine,  thè  boreal-arctic  and  thè  Mediterranean  elements;  boreal 
and  nemoral  elements  are  dominant. 

At  thè  end  of  thè  book  a  list  of  references  is  to  be  found. 

This  work  elaborating  thè  flora  of  a  relatively  small  region  which,  however,  is  very  rich 
and  complex  with  respect  to  thè  number  of  species  and  fiorai  elements  —  will  be  of  great  use 
to  thè  moss  florists  and  geographers  who  study  thè  moss  flora  of  thè  Carpathians,  but  it  may 
provide  interesting  data  and  novel  information  to  all  florists  of  Europe  and  of  other  continents. 

S.  Orbàn 


Z.  I.  Asaul:  Identification  book  of  thè  Euglenophyta  algae  of  thè  Ukrainian  Soviet  Socialistic 
Republic.  Kiev,  1975.  1  —  408  p.  3.80  rubels. 

The  investigations  on  thè  Euglenophyta  organisms  are  very  important  both  from 
theoretic  and  practic  viewpoints,  since  they  promote  a  better  understanding  of  thè  phylo- 
genism  and  thè  organisms  of  thè  lambdaj  level:  they  are  important  nutritive  materials  for 
higher  aquatic  organisms,  like  fish.  Up-to-date  identification  books  mean  a  great  support  to 
further  researches,  too,  and  they  are  likewise  indispensable  in  higher  education;  similarly, 
they  have  such  character  from  thè  view-point  of  thè  hydrobiologists  and  fishery  specialists, 
working  in  thè  praxis.  Therefore  thè  work  of  thè  author.  a  well-known  figure  in  this  field  of 
Science  is  welcomed  with  much  pleasure. 

Hydrobiologists  and  algologists  of  thè  Ukraine  published  plenty  of  data  concerning 
Euglenophyta  originating  from  various  biotopes.  Consequently  they  have  accumulated  a  great 
deal  of  systematical,  inorphological  and  ecological  data  especially  related  to  thè  colourless 
species.  These  have  been  summarized  by  thè  author  in  a  very  lucid  manner,  502  species  are 
reported  from  thè  territory  of  thè  Ukraine  of  which  177  are  colourless;  most  of  thè  species 
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appear  here  for  thè  first  tiine.  Author  has  wholly  surveyed  thè  special  literature  until  1972. 
The  generai  part  coinprises  29  pages  where  thè  reader  is  informed  about  morphology,  biology, 
ecology,  systematics  and  phylogenetic  relations.  The  special  part,  characterizing  briefly  thè 
Euglenales  and  Peranematales ,  gives  diagnoses  of  thè  families  and  genera,  clear  identification 
keys,  amply  illustrated  with  good  figures.  The  final  number  of  figures  is  249.  hut  each  figure 
is  built  up  of  many  partial  figures;  accordingly,  thè  reai  number  of  illustrations  runs  into 
several  tliousands  !  This  fact  alone  makes  thè  work  valuable;  though  thè  keys  are  inUkrainian 
thè  many  figures  highly  facilitate  their  use. 

The  voluminous  work  of  Z.  I.  Asaul  appeared  in  thè  series  of  thè  Ukrainian  and  USSR 
Identification  Books,  well-known  and  highly  esteeined  everywhere.  We  are  mudi  awaiting 
thè  further  volumes. 

T.  Hortobàgyi 


Pankow,  H.:  Algenflora  der  Ostsee.  II:  Plankton  (493  p.  880  figures,  26  tables  with  175 
photos.  Jena,  VEB  Gustav  Fischer  1976.  Cloth.  Price  abroad:  71.  M.) 

H.  Pankow,  Professor  of  thè  Rostock  University,  in  collaboration  with  Volkbert  Kell 
and  Brunhilde  Martens,  has  accomplished  a  work,  honourable  in  all  respects  when  he,  by 
making  use  of  778  special  papers  and  his  own  investigations,  summarized  thè  alga-planktonic 
organisms  of  thè  Baltic  Sea  together  with  diatoms  ( Diatomaphyceae)  of  thè  benthos,  since 
thè  bitter  very  often  are  present  in  thè  plankton.  This  identification  hook  with  criticai  remarks 
is  indispensable  for  specialists  engaged  in  fresh  water  research.  The  layout  of  thè  hook  is 
similar  to  thè  previous  excellent  Pascher  books. 

After  thè  introduction  and  list  of  contents,  thè  work  is  divided  into  several  chapters. 
First  a  brief  review  of  thè  adopted  halobic  System  is  given  followed  by  an  identification  key 
of  thè  algae  found  in  thè  Baltic  Sea.  The  19  genera  of  Cyanophyta  are  treated  on  25  pages. 
Concerning  Chrysophyta ,  13  genera  from  Chrysophy cecie,  3  genera  from  Xanthophyceae  and 
1  genus  from  Craspedophyceae  are  discussed  on  13  pages.  The  bulk  of  thè  identification  hook 
is  occupied  by  diatoms  ( Diatomaphyceae- Bacillariophyceae)  in  a  total  of  263  pages.  The 
organisms  of  Pyrrhophyta  take  up  34  pages,  thè  green  algae  ( Chlorophyta )  30  pages  and  finally 
Euglenophyta  a  mere  5  pages. 

The  hook  gives  very  good  and  detailed  identification  keys.  The  figures  and  photos  are 
fine,  they  highly  facilitate  precise  identification.  We  should  comment  especially  on  thè  very 
precise  literary  references  and  thè  list  of  thè  most  important  synonyms. 

The  hook  is  completed  with  a  detailed  Bibliography,  Corrections  and  Addenda,  related 
to  thè  “Algenflora  der  Ostsee  I.  Benthos”  (8  pages),  and  an  Index. 

The  well-edited  work  with  a  fine  cover  will  most  certainly  be  welcomed  by  hydrobiol- 
ogists  engaged  both  in  theoretical  and  practical  work. 

T.  Hortobàgyi 


Thomas,  E.  and  Davey,  M.  R.:  From  single  cells  to  plants.  Wykeham  Publications  Ltd., 
London  and  Winchester.  1975.  pp.  172;  73  illustrations.  £  2.50 

The  hook  is  a  recent  excellent  contribution  to  thè  literature  on  plant  tissue  culture.  All 
what  is  known  on  this  subject  today  is  briefly  included.  The  authors’  aim  was  to  provide  it 
as  a  supplement  to  thè  knowledge  of  those  who  work  in  plant  physiology.  However,  thè  hook 
is  much  more  than  that.  It  discusses  recent  results,  presents  prohlems  and  future  perspectives 
of  plant  tissue  culture.  After  a  short  —  we  should  say  obligatory  —  historical  survey  and  an 
equally  necessary  review  of  technical  methods  and  basic  inaterials,  thè  hook  contains  thè 
following  chapters.  In  thè  chapter  entitled  “The  Culture  of  Plant  Organs”  all  possibile  cultures 
that  can  be  induced  from  thè  various  plant  organs  (root,  stem,  leaf,  shoot,  flower,  ovaries, 
anthers  and  embryo)  are  surveyed.  Chapter  4  deals  with  thè  cultures  of  plant  cells,  including 
callus  cultures,  with  celi  suspension  and  single  celi  cultures,  and  also  with  thè  microscopie 
and  ultrastructural  construction  of  cells.  Chapter  5  discusses  thè  isolation  and  behaviour  of 
higher  plant  protoplasts.  Besides  thè  methods  of  isolation,  also  thè  properties,  development, 
physiological  and  practical  applications  of  protoplasts  are  touched  upon.  Chapter  6,  “The 
Morphogenesis  of  Celi  Cultures”,  calls  attention  —  with  regard  to  plant  breeding  and  propaga- 
tion  —  on  thè  way  of  thè  formation  of  thè  various  organs  from  cells,  on  factors  controlling 
morphogenesis,  and  on  thè  applications  in  practice  of  thè  morphogenetic  potentials  of  thè 
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cells  and  tissues  cultivated.  Chapter  7  deals  with  thè  cultivation  of  haploid  reproductive  cells. 
The  main  parts  of  thè  chapter  treat  thè  topic  of  microspore  formation,  isolation.  cultivation 
as  well  as  thè  embryogenesis  and  organogenesis  of  microspores  and  their  practical  application 
in  plant  hreeding.  The  last  chapter  analyzes,  as  future  problems  in  this  field  of  Science,  thè 
generality  of  celi  totipotency,  thè  cytological  instability  of  thè  cultivated  cells,  thè  possibility 
of  modification  and  hybridization  in  plant  cells,  and  also  thè  expectable  practical  results 
of  all  these.  The  Appendix  also  contains  methodical  schedules  besides  thè  basai  culture  media. 
As  an  aid  to  further  understanding,  thè  hook  has  been  provided  with  a  taxonoinic  index, 
a  subject  index  and  a  substantial  list  of  references.  —  This  work  summarizes  thè  topic  of 
plant  tissue  culture  fairly  well.  briefly  and  deinonstratively.  In  thè  massive  information  flow 
of  today,  Works  of  this  character  assist  in  thè  inost  irnportant  orientation.  Praise  is  due  to  thè 
authors  for  this  well-balanced  work  extending  to  every  irnportant  detail  and  stili  remaining 
within  moderate  limits.  The  lay-out  of  thè  book  is  also  fine,  it  praises  thè  Publishers.  The  work 
will  be  of  great  use  for  both  those  who  are  at  thè  beginning  of  orientation  in  this  topic  and 
those  who  have  already  acquired  familiarity  with  it. 

M.  Maróti 


WlESSNER,  W.:  Bioenergetik  bei  Pflanzen.  (Bausteine  der  modernen  Physiologie.)  Jena,  VEB 
Gustav  Fischer  1975.  31.—  M. 

One  of  thè  most  modern  and  irnportant  range  of  topics  in  plant  physiology  is  tlie  bio- 
energetics  of  plants.  Professor  Wiessner’s  book  gives  information  on  this  branch  of  Science, 
with  thè  aid  of  55  figures,  44  demonstrating  sketches  and  22  tables,  on  224  pages.  Concerning 
bioenergetics,  naturally  it  is  mainly  photosynthesis  and  plant  respiration  (that  is,  thè  funda- 
mental  life  processes)  which  are  dealt  with.  Fine-constructions  or  organellums  producing  thè 
cytological  scene  of  thè  processes  are  discussed  to  thè  extent  of  necessary  details.  The  required 
knowledge  related  to  thè  compounds  participating  in  photosynthesis  and  respiration  is  sum- 
marized,  then  based  on  that  from  plant  physiological.  biophysical  and  biochemical  view  points 
a  detailed  account  of  thè  processes,  follows  on  inolecular  and  even  submolecular  levels.  The 
effect  of  outside  factors  and  also  of  adjustability  are  taken  into  consideration  to  a  far-reaching 
extent,  in  accordance  with  thè  leading  principle  that  thè  organisms  and  thè  environment 
should  he  observed  in  their  interdependence.  The  author  avoids  or  only  touches  thè  ecologico- 
physiological  connections  known  sirice  long,  and  he  pays  greater  attention  to  problems  which 
have  hitherto  been  pushed  into  thè  background;  for  example,  on  thè  partial  pressure  of  oxygen 
effecting  photosynthesis.  Sirnilarly,  thè  question  of  so-called  photo-respiration  has  come  to 
thè  fore. 

In  agreement  with  thè  title  of  thè  book,  thè  discussion  of  energetical  problems  is  rnostly 
emphasized,  arnong  these  there  occur,  for  example,  electronic  migration,  energy  transformation. 
and  thè  Storage  of  energy.  The  regulation  of  thè  processes  (their  co-ordination)  is  also  one  of 
thè  main  thoughts  in  thè  book,  indicating  that  Professor  Wiessner  wishes  to  show  thè  reader 
thè  plant  organism  as  a  unified  System. 

The  style  of  thè  book  is  good  and  plain,  therefore  intelligible  also  to  those  who  are 
trained  in  thè  German  language  only  to  a  smaller  extent.  Besides  specialists  in  biology,  also 
students  from  thè  field  of  higher  education  may  be  advised  to  use  this  excellent  work  on 
a  special  subject. 

V.  Frenyó 


HopE,  A.  B.  and  Walker,  N.  A.:  The  Physiology  of  Giant  Algal  Cells.  Cambridge  University 
Press,  London— New  York,  1975  (201  -f~  XIII  pages,  51  figures,  15  tables  and  7  plates). 

Biologists  and  physiologists  have  often  profited  from  thè  survival  of  animals  and  plants 
which  have  cells  of  more  than  ordinary  size.  The  giant  cells  of  certain  algae  are  of  especial 
value  as  experimental  material  for  thè  investigation  of  biological  problems.  Giant  algal  cells 
appear  in  literature  with  Corti  (1774,  1776),  who  observed  and  reported  protoplasm  existed 
as  a  concept.  Long  before  Young  (1936)  drew  attention  to  thè  squid  giant  axon,  physiolo¬ 
gists  had  found  Valonia  and  Nitella  and  had  begun  work  on  many  of  thè  problems  discussed 
in  this  book. 

The  book  consists  of  12  chapters  (pp.  1—175),  abbreviations  (I  — XIII),  appendixes 
(177  —  180)  and  references  (181  —  197). 
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Chapter  1  sums  up  thè  taxonomy,  thè  ultrastructure.  culture  and  celi  operations  of 
giant  algal  cells.  Chapter  2  gives  a  very  coinprehensive  historical  background  of  early  plant 
algal  physiology  and  puts  recent  work  in  perspective. 

In  Chapter  3  thè  authors  consider  water  relations;  they  touch  upon  thè  osmotic  potential 
of  vacuolar  sap,  thè  transcellular  osmosis,  thè  osmotic  flow  during  perfusion  and  thè  self 
diffusion  of  water. 

Chapter  4  discusses  thè  permeability  to  nonelectrolytes  and  gives  calculations  of 
permeability  coefficients. 

Chapters  5  and  6  provide  a  coinprehensive  survey  of  ionie  relations  (compartments  and 
ionie  concentrations,  ionie  fluxes  and  kinetic  models). 

Authors  consider  thè  electrical  properties  of  membranes  in  chapter  7  and  thè  action 
potential  in  Chapter  8:  they  study  thè  active  transport  of  cations  and  anions  in  Charophyta 
cells  (Chapters  9  and  10),  thè  transport  and  use  of  carbon  dioxide  and  bicarbonate  ions  (Chapter 
11),  and  protoplasmic  streaming  (Chapter  12). 

The  authors  take  care  to  emphasize  thè  generai  implication  of  thè  findings  for  thè  plant 
kingdom,  and  occasionally  for  thè  animai  kingdom  as  well. 

Both  authors  are  physicists  and  they  wrote  mostly  of  those  aspeets  of  thè  physiology 
of  giant  algal  cells  which  are  interesting  to  biophysicists.  Nevertheless,  advanced  students, 
teachers  and  research  workers  in  plant  physiology,  celi  physiology  and  biophysics  will  find 
this  hook  a  stimulatory  account  of  an  important  area  of  research. 

J.  N.  Rakovàn 
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BOCTOMHO-AOPMKAHCKME  MXM  II 
M.  EM30T,  M.  H.  ^blOPb,  T.  nOM 


ABTopbi  o6pa6oTajiH  KOAJieKUino  mxob,  coOpannyio  ^OKTopoM  JIcì'kJ)  PiiBapA^H  (YHHBep- 
curer  Ocjio,  HopBernfl)  b  K)>kho-boctomhoh  A<j)pHi<e,  GoAbiuan  nacTb  KOTopofi  nponcxoAHjia  c 
ropbi  MyjiaHbe,  pacnojio>KeHHOH  b  io>khoh  h3cth  MajiaBH,  a  Taione  npoaHajiH3HpoBajiif  eè 
tomkii  apemni  reorpa(J)HMecKoro  pacnpocTpaHeHnn.  Eojibman  nacTb  bhaob  hob3>i  A-nn  icppuTo- 
puH  MajiaBH,  a  ABa  BHAa  HOBbie  A-nn  Beerò  at|)pHKaHCKoro  kohthhcht3.  3th  bhabi  Gbuui  paHee 
ii3BecTHbi  Ha  MaAaparacKapc,  Ha  ocTpoBax  MacnapeH. 


nPO^YKUMfl  OPrAHHMECKHX  BELL[ECTB  M  HCn0Jlb30BAHHE  3HEPFMM 
OOTOCHHTE3A  JlECCOBO-JiyrOBblMM  PACTHTEJlbHbIMH  COOBmECTBAMH 

Jl.  SH^PE^H,  M.  XOPBAT 

C  KOHLia  anpenn  ao  KOHija  okthGph  1974  roAa  aBTopbi  H3yHajin  npoAyKumo  oprami- 
HecKiix  BCinecTB  h  ncnojib30BaHne  sHeprHH  nojieBbiMH  pacTHTejibHbiMH  cooGmecTBaMH  Salvio- 
Festucetum  rupicolae  pannonicum  stipeto  sani.  CaMoe  3HaHHTenbH0e  yBCJlHHeHHe  B  BGce  HaGjHO- 

Aajiocb  b  Mae  h  b  HiOHe,  aa  sto  BpeMH  Hcnojib30BaHHe  aHepnm  AOCTHraAO  0,79%  h  1,3%. 

ripHHHMaH  B0  BHHMaHHCBCe  BpeMA  HCCJlCAOBaHHfl,  0Ka3aJI0Cb,  HTO  npOAyKAHA  cyxoro  BemeCTBa 
HaA3eMHbix  HacTen  Gbina  281,94  rp/M,  npoAyKTHBHocTb  paBHHJiacb  1,5  rp/M/AeHb,  hto  o6o3Ha- 
iiaeT  0,17%  cpeAHero  ncnojib30B3HHn  3HeprHH.  Cyxoe  BemecTBO  coAep>KaAO  34,5%  yrjieBOAOB 
h  2,1%  a30Ta.  Me>KAy  koahmcctbom  cyxoro  BemecTBa  n  npOAyKunen  ynneBòAOB  h  a30Ta 
HMeeTCH  TecHan  CBH3b,  a  Me>KAy  npoAyKunen  yrjieBOAOB  h  a30Ta  HMeeTcn  6ojiee  cjiaGan, 
AHHeHHan,  perpeccHBHan  CBA3b. 


TEPMOJlAEMJlbHblE  H  TEPMOCTABHJlbHblE  CM E>KH bl E-Y  MACTKM  03MM0H 
niliEHHUbl  (TRITICUM  AESTIVUM  var.  BÀNKÙTI  1201)  B  nEPMO^  HP0BM3AUMH 

M.  JX 3BAM,  3.  nAJUlM,  H.  KOBAM 


ABTopbi  H3yMajiH  KOjnmecTBO  repMOCTaGHJibHbix  h  repMOAaGHJibHbix  CMe>KHbix-yHacT- 
kob,  o6pa3yioiHHXCfl  b  npouecce  HpOBH3aLjHHB  03HM0H  niueHHue  Tr.  aestivumv ar.  Bdnkuti  1201 
ripn  riOMOinn  MeroAOB  npoBH3auHH,  A3npoBH3ai;HH  h  oOpaTHon  HpoBnaaHHH.  CTHMyjiHpyioinee 
BjiHHHHe  pa3BHTHH  HH3K0H  TeMnepaTypbi  ripeKpauiaeTCH  36-nacoBOH  oGpaGoTKon  bbicokoh  tcm- 
nepaTypOÌi.  ^3Hp()BH3Hp()BaHH0CTb  paCTeHHH  33BHCHT  OT  CTeneHH  HpOBH3ailHH.  Ha  OCHOBe 
noAyneHHbix  AaHHbix  mo>kho  CAeJiaTb  BbiBOA,  hto  npn  npoBH3auHii  03hmoh  niiieHHUbi  cymecT- 
ByeT  mhoto  TepMocTaGHJibHbix  h  TepMOjiaGnjibHbix  CMOKHbix-ynacTKOB.  rioAHan  oGpaTHMOCTb 
nepBoii  CT3AHH  HpoBH3auHH  noA  AewcTBHeM  BbicoKOH  TeMnepaTypbi  yKaabiBaeT  Ha  TepMona- 
onjibHOCTb  3T0H  CTaAHH.  npoueccbi,  npoxoAflmne  b  Hanajie  Hp0BH3auHH  a  Taione  hx  KOHenHbie 
npoAyKTbi— TepMojiaOmibHbi.  nocjie  stoto  TepMOJiaGiuibHoro  ynacTKa  cjieAyeT  cmokhhih  rep- 
MOCTaGujibHbiH  ynacTOK,  nocae  KOToporo  cjieAyeT  BTOpan  TepMOjiaGnjibHan  (J)a3a.  KoHenHan 
TepMocTaGnjibHaH  <j)a3a  oGpa3yeTcn  nocjie  flpoBH3auiin  h  coBnaAaeT  c  eé  CTaGHAHaaunen.  OnbiT 
onpeAejiHeT  MecTO  repMOCTaGHAbHbix  h  TepMOAaGiuibHbix  cmokhhx  ynacTKOB  b  npouecce  npo- 
BH33UHH. 


MCCJlEflOBAHME  COflEP^AHM^  K,  Ca,  P,  N  h  AMHHOKMCJIOT  Y  3nM0>MTA 

HYPNUM  CUPRESSI FORME 

Jl.  R3>KM,  T.  LUMMOH 


ABTopbi  npoBejin  H3yneHHe  (J)HTOMaccbi  ami(J)HTHoro  Mxa  Ha  TeppuTopnn  «Sìkfokiit  Project» 
(LUhmoh,  1974)  h  b  BH/te  riposo jijkchhh  HccjieAOBajm  coAep>KaHne  K,  Ca,  P,  N  h  aMHHOKHCJioT  y 
Hypnum  cupressiforme.  EblJlO  OnpeACJieHO  KOAHMCCTBO  3THX  BeuteCTB  B  >KHBOH  H  MepTBOÌi 
(J)paKUHH  Mxa,  a  t3k>kc  b  Kope,  cjiywameìì  ochoboìì.  ^[aHHbie  oGpaGaTbmaJiH  MaTeMaTHMecKH- 
CTaTHCTHHecKHM  mctoaom,  pa3Hnuy  npoBepnJiH  npoGoii.  ABTopbi  onpe,nejiHjiH,  mto  bo  Mxe 
coAep>KHTbCH  Gojibuie  K,  0AH3K0  koahhcctbo  ero  3aBHCHT  ot  xapaKTepa  MecTa  oGHTaHim. 
B  pacTeHHHX  cyxiix  MecT  Gojibme  K,  a  b  Gojiee  ypaBHOMepeHHbix  ycjiOBHHx  K  mo>kct  nepeìrrn  b 
Kopy.  OGbiKHOBeHHO  Ca  Gombine  b  Kope,  hjih  >Ke  coAep>KaHHe  Ca  bo  Mxe  h  b  Kope  hphGjihbh- 
TejibHO  OAHHaKOBoe.  B  hokhbbix  Mxax,  Gojibme  Ca,  mcm  b  >khbbix.  ,RHHaMH3M  Ca  npoTHBonojio- 
>kch  AHH3MH3My  K.  B  pacTeHHHx  coAep>KaHHe  P  npnGAH3HTeAbH0  b  3  pa3a  GoAbiue,  mcm  b  Kope, 
a  T3K>Ke  (J)paKUHH  H3>KHB0r0  paCTeHHH  COAep>KHT  GoAbiue  P,  MeM  (JjpaKUHH  H3  MepTBOrO  paCTe- 
hhh.  B  Hypnum .  pacTymeM  b  Gojiee  cbc>khx  ycAOBHHx,  coAep>i<aHHe  aaoTa  3HaMHTCAbH0  Bbime, 
MeM  b  pacTeHHHx,  pacTymnx  b  cyxnx  ycAOBimx.  CoACp>K3HHe  a30Ta  b  pacreHiiH  Bbime,  mcm  b 
Kope,  a  BHyrpH  pacreHHfl  b  >khboh  (JipaKmm  Bbime,  mcm  b  MepTBOÌi.  Koahmcctbo  a30Ta  3HaMH- 
TeAbno  Bbime  b  MHxax  pacTymnx  b  GoAee  CBe>Knx  ycjiOBwix.  OGpaaoBaHue  coAep>KaHHA  aMHHO- 
khcaot  noxo>Ke  Ha  aaoTHoe.  CpeA»  aMHHOKHCJioT  BbiHBHAn:  i'jihuhh,  cepHH,  acnapaniHOByK) 
KHCAOTy,  FAiOTaMHH,  acnaparnH,  aprHHHH,  ah3hh,  thcthahh  h  hhctchh. 

Ha  TeppuTopmi  b  200  m2,  npHHHMan  bo  BHHMaHue  cyxoìi  Bec  noAymeK  3nn(j)HTa  Hypnum 
nepeMHCJiHB  Ha  1  reiorap,  onpeAejiHJin  300  rp.  Kajnm,  260  rp.  KajibLum,  150  rp.  (jioctjiopa,  78  rp. 
330Ta  h  260  rp.  3mhhokhcaot. 


CO^EP>KAHHE  XJIOPOOMJIJIA  B  PACTEHHflX  BYKOBblX  J1ECOB  M  EH) 
SKOJlOrHMECKOE  3HAHEHME 

P.  A1PALHKOBMM,  r.  4>3K3T3 


B  CTaTbe  H3yM3AHCb  njioTHOcTb  xAopoiJiHJiAa  a  ii  G,  a  T3K>Ke  oTHomeHiie  nurMCHTOB  y  5 
AOMHHaHTHblX  GyKOBO-AepHOBbix  bhaob  ( Asperula  odorata .  Dentaria  bulbifera ,  Melica  uniflora , 
Viola  alba ,  Carex  pilosa )  ripoH3pacTaioiUHX  b  Tpex  pa3JiHMHbix  no  B03pacTy  n  CTpoeHHio  GyKOBbix 
(JiOHAax.  Bce  sth  5  bhaob  OTJinnaiOTCfl  hh3Koh  mioTHOCTbio  oGmero  xAopot))HAJia.  To,  mto  y  Asyx 
BHAOB  Dentaria  bulbifera  H  Asperula  odorata  ruiOTHOCTb  oGmero  XAOpotJ)HAA3  pa3AHMaeTCfl  B 
3aBHCHM0CTH  OT  B03p3CTa  paCTCHHH,  MO>KHO  npHCBOHTb  CBCTOBOMy  KAHMHTy,  0Gp33yi0lneMy 
CTpyKTypy  AepeBHHHoro  (J)oha3.  Y  Apyrnx  Tpex  bhaob  coAepwamie  xjiopocjmjuia  He33BnceA0  ot 
CBeTOBOI  O  KAHMaTa.  TeHACHLtHH  nOHH>KeHHH  OTHOUICHHH  a  H  G  y  OAHOTO  BHAa  HeAb3H  oGb- 
HCHHTb  nOHH>KeHHeM  CpeAHei'O  3HaMCHHH  OCBemeHHH. 


3K0JI0FHMECKME  HAEJIK)£EHMH  BEHEEPCKHM  BO^HblM 

TMOOMMUETOM  II 

BHOTOnbl  BOjHHblX  mOOMMUETOB  B  K)>K  H  0-3  A  FI  A^  H  O  M  BEHFPHH 

M.  TEHUEJlb 


B  CTaTbe  onncbiBaeTCH  ManonaBecTHoe  h  neoGbiMHoe  MecTOHaxo>KAeHHe  KaK  GnoTonbi 
BOAHOrO  TH(J)OMHHeTa. 

B  3thx  GnoTonax  H3yMajincb  rHmomne  iioa  boaoh  jmcTbH,  b  KOTopbix  HaGaiOAaAacb 
HacTOHiitan  BOAHan  a  t3k>kc  Tai<  HaabiBacMan  rejiHKocnopoBan  ceKBeHUHH  rH(|)OMHHCTa. 
KpoMeaToro,  cTaTbH  H3AaraeT  h  HAJHOCTpupyeT  kohhahh  oGpa3ua  neHbi,  KOTOpan  Gbma  coGpaHa 
B  HeoGbIMHblX,  He  BOAHblX  yCAOBHHX. 


nPOCTPAHCTBEHHAH  3ABHCMMOCTb  nonYJlflUMM  PACTEHHH  I  MACTb 
AHAJ1M3  3KBHBAJ1EHTHOCTH  (KOHTYPbl  HOBOtf  MOflEJIH) 

n.  KDXAC-HAJ^b 

MHorwe  acneKTbi  npocTpaHCTBeHHoii  3aBHCHM0CTH  npupoAHbix  nonyjiHUnii  hcbo30>kho 
H3yMaTb  Ha  OCHOBaHHH  CTapblX  nOHflTHH  H  CTapbIMH  MeTOAaMH.  (npOCTpaHCTBCHHaH  SaBHCH- 
MOCTb  COAep>KHT  TaKHC  CTapblC  nOHHTHH,  KaK  «aCCOUHaiJHfl  MOKAy  BHAaMH»,  « M e>K B h  ao Ba H 
KoppeAAUHA»,  «oGpaseu-cxoACTBO»).  Uejib  stoh  cepHH  HCCAeAOBaHHH  A^Tb  uejibiii  pHA  hobhx 
MOACJieH,  KOTopbie  oGpamaioT  bhhm3hh6  Ha  paHee  oGoHAeHHbie  npoGaeMbi.  CneAnajibHoe  3Ha- 
neHiie  npnoGpeTaeT  npocTpaHCTBeHHO-AHHaMnwecKoe  npn6jm>KeHHe  (onpeAeACHHbie  npo- 
CTpaHCTBCHHbie  npoueccbi).  nepBan  Harna  MOACJib  npeAnpHHHMaeT  onpeAejieHHoe  oGoGmemie 
nOHHTHH  aTTpHGyT-Ay‘UIH3M. 

H3YMEHME  OMTOMACCbl  KYCTAPHHKOrO  YPOBHfl  3KOCMCTEMbI  flYEOBOrO 

J1ECA  B  UIMKOiiKyT 

H.  KAPAC 

CTaTbA  3aKJiK)HaeT  b  ceGe  peayjibraTbi  no  H3yMeHHio  (|)HTOMaccbi  KycTapHHKOBoro  ypOBHH 
3i<ociiCTeMbi  AyGoBoro  jieca  («LLIiiK(J)èKyT  Project»).  OneHKa  <j)HTOMaccbi  npoBOAHAacb  b  aBrycTe- 
ceHTnGpe  1973  toab  mctoaom  «cpeAHHH  KyerapHHK»,  pasAGAmomnii  MaTepnaA  Ha  iiOAy- 

pOBHH  H  BHAbl. 

3HAMEHHE  30HbI  EEPErOBOft  HACTM  BAJ1ATOHA  B  3AIHHTE  IlPMPOflHblX 

YCJIOBHH  03 EPA 

M.  KOBAM 

IloMBbi  GeperoBon  30Hbi  BaAaroHa,  GjiaroAapn  aHaapoGHbiM  ycAOBHHM,  GoraTbi  MHHe- 
paAbHbiMH  BeiAecTBaMH  li  noaTOMy  cnocoGHbi  aACopGupoBaTb  Gojibinoe  KOjumecTBo  GHoreHHbix 
ajieMeHTOB.  floMBbi,  oGAaAaiomHe  GoAbuion  aACopGmiOHHOìi  MomHOCTbio  nponBjiHiOT  Gaaro- 
npiiATHbie  (jmjibTpoBajibHbie  cnocoGHOcm  c  tohkh  3peHHH  KanecTBa  boam. 

B  pe3yjibTaTe  3acTpoHKH  OeperoBoìi  riOAOCbi  TpeGyeTcn  hh3Khh  ypoBeHb  boabi  b  Bajia- 
tohc.  B  cjiynae  noHnwCHHH  ypoBHA  BOAbi  c  npeBpaineHHeM  noMBeHHbix  ycjiOBHH  b  aapoGHbie, 
coxpaHeHHbiH  MiiHepajibHbiii  MaTepnaA  MHHepaAH3npyeTcn  n  ocBoGo>KAeHHbie  GnoreHHbie  aae- 
MeHTbi,  b  ochobhom  a30T,  yBeAHHHBaioT  ayTpoiJmK)  03epa. 

PacTeHiw,  HaxoAHiAnecA  b  GeperoBon  roHe,  b  cBoeM  opraHH3Me  HaKonaniOT  GoAbiuoe 
KOAnqecTBO  GnoreHHbix  sAeMCHTOB,  b  ochobhom  KaAHA,  (J)oc(|)opa  h  a30Ta.  PacTennn,  pacTymne 
Ha  Gepery  03epa  c  oahoh  cTopoHbi  «npo(|)HAbTpyioT»,  c  Apyroìi  CTopoHbi  «Bbi(j)HAbTpyK)T»  nonaB- 
rnne  b  BOAy  nnTaieAbHbie  BemecTBa. 

/JAHHblE  K  CHCTEMATHKE  H  MOPOOJlOrHH  PHLEUM  BERTOLONII  DC.  H 

PHLEUM  PRATENSE  L. 

Jl.  KOBAM 

Abtop  npOBea  cpaBHHTeAbHbie  MOpcjjOAornMecKne  H3MepeHnn  (JjepmnbHbix  npopocTKOB 
AnnAOHAHOro  Ph.  bertolonii  DC.  (2n=  14)  H  reKcanAOHAHoro  Ph.  pratense  L.  (2n  =  42). 
Ha  OCHOBaHHH  H3MepeHHH  H  HaGAIOACHHH  aBTOp  3aMCTHA,  MTO  HMCAHCb  pa3AHHHH  B  pa3MepaX 
Me>KAy  KAeTKaMH  anHACpMHCa  CTeGAH,  KOAOCKOB  H  3epH0B0K,  a  TaK>Ke  Me>KAy  KOAHHeCTBOM 
Me>KAoy3AHH  h  ajihhoh  CTeGAen,  npHHHMan  bo  BHHMaHiie  b  kb>kaom  Me>KAoy3AHH  hhcao  KAyGHe- 
noAoGHbix  B3AyTHH  h  noGeroB.  3th  HCCAeAOBaHHH  npOBOAHAHCb  c  pacTeHHHMH,  npoH3pacTaio- 
iahmh  b  ecTecTBeHHbix  npupoAHbix  MecTax,  a  TaK>Ke  Ha  onbiTHOM  yqacTKe. 

BHflbI  MELOCACTUS  KYBbl 
3.  MECAP01U 

Abtop  b  1974  - 1975  roAax  KonneKAHOHHpoBaA  Ha  KyGe  KaKTycbi.  Abtopom  Gmah 
CoGpaHbi  y>Ke  paHee  onucaHHbie  neTbipe  bhas  Melocactus  (M.  harlowii  Br.  et  Rose,  acunai 
Leon,  matanzanus  Leon,  guitartii  Leon)  a  T3K>Ke  HM  GblAH  HailACUbi  H  HeH3BecTHbie  BHAbl. 
M.  jakusii ,  borhidii ,  evae ,  radoczii ,  nagyiij  B  CTaTbe,  KpOMe  onucaHHH  HOBblx  BHAOB  H 
pa3H0BHAH0CTH  BHAOB,  aBTOp  A^CT  MOHOPpa(j)HK)  BHAOB  Melocactus. 


HEKOTOPblE  PE3yJlbTATbI  KJ1Y>KCKHX  HCCJIEflOBAHMPÌ,  KACAIOIUHXCfl 

nMTAHHH  BO^OPOCJlEPl 

M.  nETEOH,  O.  HAJHb-TOT,  A.  EAPHA 

B  CTaTbe  A3H  XpOHOJlOrHHeCKHH  o630p  Ba>KHeHLLIHX  HCCJieAOBaHHH  Kjiy>KCKOrO  YHHBCp- 
CHTeTa  o  rima hhh  BOAopocJien.  3th  uccjieAOBaHiiH  coAep>KaT  oG'bHCHeHiie  pojni  npocTbix 
(Cu,  Zn,  Ba,  Sr,  NH4,  K,  Mg,  Ca,  Na,  Li,  S03,  S04,  C03,  I,  Cr04,  HP04,  N02,  N03C1,  Br) 
H  CJIO>KHbIX  (a30TH0-G0pHbIX,  (J)0C(})0pH0-G0pHbIX,  a30TH0-(J)0C(})0pHbIX,  a30TH0-K0GaJIbT0BbIx) 
HeopraHUMecKnx  h  opraHimecKiix  nHTaTejibHbix  BemecTB  (rjiioijHAbi,  aMHHOKHCJiOTbi,  cnnpTbi, 
CHHTCTHMecKa^  n  3HAoreHHafl  MYK,  sKcrparHpoBaHHa^i  H3  pa3JiHMHbix  pacTeHHH,  ruGGepHiinn, 
acKopGnHOBafl  KHCJiOTa,  AerpaHOji,  MepanHA)  b  npouecce  pocTa  h  pa3BHTHH  b  CTaTHCTHMecKiix  h 
HHTCHCHBHblX  KyjlbTypaX  pa3JlHHHbIX  J1HHHH  H  BHAOB  BOAOpOCJlCH  H3  TpaHCHJlbBaHHH  Chlorella 
pyrenoidosa ,  Coccomixa  dispar ,  Schizochlamys  gelatinosa,  Scenedesmus  acutus ,  Se.  acutiformis , 
Se.  obtusiusculus ,  Se.  quadricauda ,  Se.  quadrispina ,  Oocystis  pusilla ,  Stichococcus  exiguus ,  St. 
mirabilis ,  St.  bacillaris ,  Gloeotila  protogenita ,  Pseudopleurococcus  printzii ,  Mierothamnion  kiitzin- 
gianum ,  Stigeoclonium  variabile ,  Tribonema  ulotrichoides) .  # 

jHefiCTBue  H3yneHHbix  BemecTB  HaxoAHJiocb  b  cbh3h  c  boaopocjihmh  h  nHTaTejibHoii 
cpeAOH  (npocTan  cpeAa  Benecke  ABa  Tuna,  Knop  —  Pringsheim,  Witsch  h  Gojiee  cjio>KHafl 
cpeAa  Knop  —  Pringsheim  —  Felfoldy,  Tamiya"  urea  EH“,  «HHHTpaT  A»  MOAH(|)nunpoBaH- 
naa  HaMH  cpeAa  Tamiya)  h  3T0  no3BOjijuio  cejiCKTupoBaTb  HycTBHTejibHbie  niTaMMbi-Gno- 
TecTbi,  KOTopbie  ACMOHCTpHpyioT  pa3JiHMHbie  MaTepHajibi  A-n^  KyjibTyp  h  AOKa3biBaioT  HeoGxo- 
AHMOCTb  HCn0Jlb30BaHHfl  HeKOTOpOrO  OCTaTKa  BOAf>I  JWfl  KyJlbTHBHp()BaHH>I  BOAOpOCJieil. 


EMOKJ1MMATMMECKME  HCCJIE^OBAHHH  B  TOPHOM  MACCHBE  YJlYrYPY  II 
(BOCTOHHAfl  AOPHKA,  TAH3AHMH 
t.  non 

B  CTaTbe  aBTop  erapaeTCH  BbiHCHHTb  oporpa(j)Hio  ropnoro  MacciiBa  ero  KJiHMaTimecKne 
ycjioBH^i,  a  TaKM<e  pacnpeAejieHHe  CBflaeii  TiinoB  BereTaumi.  KocBCHHbiM  mctoaom  Gbian  cocTa- 
Bjienbi  AHarpaMMbi  TayceH-BajiTep  TeppirropuH  AO>KACMepHOH  CTaHumi  11  c  hx  noMombio  GbiJio 
oG'michcho  ropH30HTajibHoe  h  BepTHKajibHoe  pacnpocTpaHCHHe  pacTinejibHbix  cooGmecTB 
ropnoro  MaccHBa.  Abtop  onpeAejineT  BereTaijnoHHbie  30Hbi  ropbi  Yjiyrypy: 

A.  Cyxoìi  jiec  paBHHHHOH  mccthocth  h  30Ha  jiecHOìi  caBaHHbi. 

B.  PaBHHHHa^,  HanojioBHHy  BeMH03ejienaH,  A°>KACBa^i,  jiecnafl  30Ha. 

B.  Cyxoìi  jiec  HH3KoropHOH  oGjiacTH  h  30Ha  caBaHHoro  jieca. 

T.  ,I}o>KAeBafl  jiecHan  30Ha  HH3KoropHoìi  oGjiacTH. 

TopHa^i  AO>KAeBa^i  jiecHan  30Ha. 

E.  3oHa  BbicoKoropHoro,  to  ecTb  chokhoto  KapjuiKOBoro  jieca.  j^Ba  pa3pe3a  AeMOHCTpii- 
pyiOT  npocTpaHCTBeHHoe  pacnojio>i<eHHe  30najibHbix  pacnrrejibHbix  cooòmecTB. 


AHAJ1M3  POCTA  rMEPMflOB  KYKYPY3bI  (OSSK-218  n  flKXL-342) 

M.  nPEMEHbH,  JX.  UMMEEP,  T.  MAJ1A,  3.  CEM,  3.  MOJlbHAP,  3.  MEJ1KO 

CTaTbH  3aHHMaeToi  aHajiH30M  pocTa  AByx  thGphaob  KyKypy3bi  (OSSK-218,  flKXL-342). 
HccjieAOBaiiHfl  npoBOAHjnicb  b  npoii3BOACTBenHbix  ycjiOBHflx  (CejibCK0X03^ìicTBenHbiH  komGh- 
HaT,  BaGojibHa)  b  nepuoA  c  22  Man  1974  roAa  a<>  15  aBrycTa  c  pacTeHHHMH  ot  6-th  HeAejibHoro  ao 
16-th  HeAejibHoro  Boapaara.  M3Mepqjin  Bec  HaA3eMHbix  opraHOB  pacTeHiiìi,  a  TaK>Ke  ruiomaAb 
juicTa  b  AeyxHeAejibHOM  npoMen^ji»  noKa3aTejibHyio  (JiopMyjiy.  Ha  ocHOBaHiin  (JiopMyjibi  Ka>K- 
Ayio  HeAejuo  onpeAejiHJiH  bcc  Ka>KAoro  pacTeHnn  h  njioinaAb  jiHCTa.  3Han  sth  AanHbie,  ouchajih 
RGR,  NAR,  LAR,  RLGR.  CGR,  a  TaK>Ke  BejniMiiHbi 3(|)(J)imneHnmi  Ha  Ka>KAy»o  HeAejuo.  CTaTbH 
TaK>Ke  3aHHMaeTCH  H3MeHeHiieM  BbimeyrioMHHyTbix  xapaKTepuocTeii  pocTa.  B  CTaTbe  nyGjim<y- 
k)tch  ABHHbie  o  CBH3H  Hei<oTopi,ix  KJiHMaTHHCCKHx  (JiaKTOB  (cpeAHCHejibHaH  TCMnepaTypa,  ne- 
ACjibHbie  ocaAKH,  oGmee  KOjnmecTBo  qacoB  cojihcm  hopo  ocBemeHHH)  h  xapaKTepa  pocTa,  a  T3K>Ke 
KOppejlHUHH  MC>KAy  CB0HCTB3MH  pOCTa.  B  CTaTbe  0Gcy>KAaeTCfl  BJ1HHHHC  KJlHMaTHMeCKHX  (J)ai<- 
tob  Ha  BapHaGiuibHOCTb  xapaKTepa  pocTa,  a  TaK>Ke  bjihhhhc  pocTOBbix  cboìictb  Ha  Bapn- 
aGHJlbHOCTb. 


O  HEKOTOPblX  PACTEHMflX  3AnAflH0r0  TflHb-LilAHH  II 

C.  nPMCTEP 

Abtop  AaeT  KopoTKoe  o6o3peHHe  hctophh  oTKpbiTHH  th6phaob  Eremurus ,  nepemicjifleT 
AO  chx  nop  H3BecTHbie  HCKycTBeHHbie  h  npnpOAHbie  rn6pHAbi,  noTOM  AaeT  hmh  rnGpHAy  Er.  rege- 
lii  Xturkestanicus.  H3HACHH0My  B  3anaAHOM  TAHb-LLIaHe  ( Eremurus  xludmillae  Levitschev  et 
Priszter.)  Abtop  oriHCbiBaeT  HaHAGHHbiH  Ha  TeppHTOpHH  MaTjiaKCKoro  3anoBCAHHKa  HOByK) 
MOAH(J)HKauHK)  Alcea  nudicaiilis  (var.  marthae)  3aTeM  C  Toro  >Ke  MeCTa  AaeT  onncaHue  HOBblx 
“lusus”  H  4)OpM.  B  KOHlte  aBTOp  ynOMHHaeT  HGKOTOpbie  aABeHTHBHbie  paCTCHHH  C  TeppHTOpHH 
TamKeHTa  h  ero  oKpecTHOCTen. 


KAPnOJlOrHMECKME  MCCJlE^OBAHMfl  ^HKOPACTYlJUiMX  BH^OB  BHHOrPAflA 

B  BEHrPHH  I 
A.  T3Pno 

BoraHUMCCKHC  HCC/lCAOBaHHA  BHAOB  BHHOrpaAa  yMaCTHJlHCb  OCOOeHHO  C  MOMeHTa  no- 
ABjiCHiiA  (J)HJiOKcepbi.  Abtop  npoBOAHT  GoTaHHMecKHe  H3yMeHHH  AHKopacTymero  BHHOl  paAa  B 
KapnaTCKOM  BacceìiHe  BeHrpHH,  KOTOpbiH  ocoOeHHo  xapaKTepeH  A-nfl  3Toro  MecTa.  C  KOHija 
1800  roAa  06  3Tom  (|>oHAe  eme  He  noflBjiHJiacb  oGcTOHTejibHan  HayMHan  CTaTbH.  B  cbhbh  c  3T0H 
cTaTbèH  ny>KHo  aaMeTHTb,  hto  ccBepHan  rpaHima  BeHrpHH  Gojiee  hjih  MCHee  coBnaAaeT  c  pac- 
npocTpaHCHHCM,  KaK  Vitis  sylvestris  Gmel.,  TaK  h  c  ceBepHOH  rpaHHuen  pacnpocTpaHCHHH 
Vitis  vinifera  L. 

KpoMe  V.  sylvestris ,  Ha  ynoMHHyTOH  TeppHTOpHH  Bce  Gojibiuee  MecTO  33HHMaeT 
V.  riparia  Michx.  flocjie  onpeAejieHHH  MecTa  npoHCxo>KACHHH  oGohx  bhaob,  b  nepBbiii  paa 
Ha MHH3FOT  GOTaHHHeCKH  CHCTeM3TH3HpOBaTb  AaHHbie  (C  A^BHTH  MeCT)  0  CBOHCTB3X  KHCTH,  HTOAbl, 
ceMHH  a  TaioKe  AaHHbie  o  cbh3h  Me>KAy  pa3MepaMH  h  BecoM  nroA. 

PlepBOHaMajibHyio  pojib  b  CHCTeMaTHKe  ochobhmx  bhaob  BHHOrpaAa  nrpaeT  ceMH. 

Abtop  H33biBaeT  ocHOBHbiMH  bhabmh  Te  «ahkhc»  bhah,  KOTopwe  Hcno;ib3yK)T  a nn  nojiy- 
MCHHfl  nOABOH  HJIH  GjiaropOAHblX  COpTOB  BHHOrpaAa  (BHHHblH,  CTOJlOBblH).  FlOCJie  Toro  KaK  GblJlH 
cpaBHCHbi  rjiaBHbie  paaiviepbi  ceMAH  V.  sylvestris  c  pa3MepaMH  ceMmi  aBCTpHHCKoro  BHHOrpaAa 
penHCKOH  oGjiacTH,  3th  AaHHbie  Ghjih  noMeiAGHbi  b  BHAe  TaGjiHUbi  c  o6o3HaneHHeM  MecTa  npo- 
H3pa CT3 IO m H X  BHAOB.  FIOAOGHblM  06pa30M  npOHCXOAHT  ACMOHCTpaUHH  CeMflH  V.  riparia.  Ha 
ocHOBaHHH  paaMepoB  ajihhi>i  ceMHH  aBTop  npHHHCJineT  ceMCHa  AHKoro  BHHOrpaAa  k  pa3JiHM- 
HblM  KJiaecaM.  MHOrOMHCJieHHbie  CpaBHeHHfl  3BT0p  npOBOAHT  CO  CB0HCTB3MH  CeMHH  V.  vinifera. 
C  noMoiAbio  MHoroKpaTHbix  noKa3aTejieìi  — mnpHHa/AJiHHa  [b  HeKOTOpbix  cjiynaHX  oGpaTHbiH 
noKa3aTejib-  AJiHHa/uiHpHHa],  AJinna  KJiioBa/AJiHHa  ceMCHH —  aBTop  xapaKTepuayeT  ceMeHa  A»yx 
BenrepcKHx  AHKopacTymnx  bhaob  BHHOrpaAa.  ^ejian  cpaBHeHHH  c  bhaom  V.  vinifera ,  aBTop 
oGpameT  BHiiManne  Ha  cxoactbo  (HanpHMCp,  uiHpHHa  ceMeHH)  h  Ha  pa3JiHHne,  KaK  HanpuMep 
KOpOTKHH  KJ1IOB  H  IHHpOKafl  xaJ133a. 


MOPOOMETPMH  CnOP  H  OBOCHOBAHHE  HOBOft  CHCTEMbI  PO^A 
AGARICUS  FR.  EMEND.  KARST. 

C.  n.  BACCEP,  Jl.  B.  rAPMBOBA,  B.  Jì.  MOKEEBA 

OueHKa  TaKCOHOMHMeCKOH  ueHHOCTH  npH3H3K0B  pOAa  Agaricus  KOJIHHeCTBO  KOTO- 
pbix  BKJHOM3A  MOp(J)ojioro-aHaTOMHHecKHe,  KyjibTypajibHbie  h  (})H3HOjioro— GnoxiiMimecKne 
AocTnraeT  43.  M3yiiCH,  c  nocjieAyiomeH  CTaTHCTHnecKOH  oGpaGoTKoii,  npeAeji  BapbnpoBaHHH 
paaMepoB  cnop  49  bhaob  poAa  Agaricus  CeBepHoro  nojiymapHH.  M3yHeHbi3KCHKaTbi  (A.  H.  Smith, 
Herb.  of  thè  University  of  Michigan,  USA;  S.  Lundell,  Fungi  exsiccati  suecici  praesertim 
Upsalienses,  Sweden),  3K3eMruiflpbi  H3  pa3Hbix  reorpa(J)HMecKHX  30H,  THnOBbie  o6pa3Hbi 
(F.  H.  Moeller,  Herb.  Mus.  Bot.  Hauniense;  A.  Pilàt,  Herb.  Gen.  Mus.  Bot.  Pragae;  G. 
Bohus,  Herb.  Musei  Hist.-nat.  Hung.;  P.  D.  Orton,  Herb.  Hort.  Bot.  Reg.,  Kew),  a  T3K>KK 
KOJlJieKUHH  BHAOB  pOAa  Agaricus  GojlbUIHHCTBa  GOTaHHHeCKHX  yiipe>KAGHHH  CCCP. 

Bbcach  HOBbi h  cTaGHJibHbii'i  OHeHb  Ba>KHbiH  noKaaaTejib  Kep-  —  othoihchhc  A-nHHbi  cnopw 
k  ee  HiHpHHe,  Ha3BaHHbiH  noKa3aTejieM  obojhohhohhoh  npoABHHyTocTH  bhaob,  nocKOjibKy  Kpyr- 
jibie  cnopbi  CMHTaiOTCH  Gojiee  npiiMHTHBHbiMH  (Singer,  1975),  to  bhabi  c  MCHbiuHM  Kep  OKa- 
3bIBaiOTCH  3BOJIIOUHOHHO  Gojiee  APCBHHMH,  MCM  C  GOJlbUJHM.  flpH  3T0M  yHHTbIBaJIHCb  T3K>Ke 
xapaKTep  apeajia,  HHCJieHHocTb  bha3,  Tnn  pa3BHTHH,  CTpoeHne  TpaMbi,  xapaKTep  BHyTpiiBHAO- 
BOH  H3MeHHHB0CTH  H  T.  A-)- 

B  pe3yjibTaTe  aHajiH3a  KOMnjieKca  npH3H3K0B  h  AaHHbix  GHOMeTpimecKoro  H3yneHHH 
cnop  npeAJioweHa  hob3h  cncTeMa  poAa  Agaricus ,  coAep>Kamafl  4  noApoAa,  10  cei<ijHH,  4 
noAceKAHH  h  10  cepHÌi.  Kjhom  a-hh  onpeAeAeHHH  BHyipHpoAOBbix  TaKCOHOB  poAa  Agaricus . 
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The  Acta  Botanica  publish  papera  on  botanical  subjects  in  English,  French,  German  an  i 
Russian. 

The  Acta  Botanica  appear  in  parta  of  varying  size,  making  up  volumes. 
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travaux  du  domaine  des  Sciences  botaniques. 
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volumes. 
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iActa  Botanica»  nyOjiHKyiOT  TpaKTaTbi  H3  oOjiaCTH  6oTaHHKH  Ha  pyccKOM,  aHrjinnCKOM, 
(J)paHlty3CK0M  H  HeMeiJKOM  H3bIKax. 

< iActa  Botanica »  bhxoaht  oTaejibHbiMH  BbinycKaMH  pa3Horo  o6beMa.  HecKOJibKO 
BbinyCKOB  COCTaBJIfllOT  OAHH  TOM. 

npeAHa3HaneHHbie  A-na  nySiiHKauHH  pyi<onncn  cjieAyeT  HanpaBJWTb  no  aApecy: 

Acta  Botanica ,  Budapest  502 ,  Postafiók  24. 

no  3T0My  >Ke  aApecy  HanpaBJinTb  BCHKyio  KoppecnoHAeHitHio  a-nh  peAaKunn  h  3amh- 
HHCTpauHH.  noAnncHan  ueHa  —  $  32.00  3a  tom. 

3aKa3bi  npHHHMaeT  npeAnpHnme  no  BHeuiHen  ToproBJie  khht  h  ra3eT  iKultura * 
(1389  Budapest  62,  P.O.B.  149.  TeKymHH  cneT  Ns  218-10990),  hjih  ero  3arpaHHHHbie 
npeACTaBHTejibCTBa  h  ynojiHOMoneHHbie. 
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MASS  OF  WEEDS  AND  THE  FREQUENCY 
OF  WEED  SPECIES  AFFECTED  BY  HERBICIDES 
IN  A  LUPIN  CULTURE-CONSOCIATION 

By 

F.  Borbély,  I.  Borbély,  E.  Elek  and  M.  Kecskés 

AGROTECHNICAL  RESEARCH  INSTITUTE  OF  NYIRSÉG,  NYIREGYHAZA,  RESEARCH  INSTITUTE 
FOR  SOIL  SCIENCE  AND  AGRICULTURAL  CHEMISTRY  OF  THE  HUNGARIAN  ACADEMY  OF  SCIENCES, 

BUDAPEST 

(Received  January  10,  1976) 


The  effect  of  108  contact,  soil  and  systernic  herbicide  preparations  belonging 
to  24  diffcrent  Chemical  groups  was  studied  with  respect  to  occurrence  of  weed  species 
in  thè  Lupinus  culture-consociation  at  thè  end  of  summer,  thè  phytomass  of  weeds, 
thè  individuai  number  of  Lupinus  albus  and  L.  luteus  as  well  as  their  biological  pro- 
ductions  (seed)  in  Nyirség  at  thè  main  lupin-growing  area  of  Hungary.  These  were 
carried  out  in  small  plot  experiments  on  slightly  brown  forest  soil  in  1971,  1972, 
and  1973. 

The  herbicides  were  used  preemergently  in  3.5  kg/ha  doses  on  thè  basis  of 
experience  drawn  from  earlier  experiments.  The  weed-phytomass-decreasing  effect  of 
thè  studied  herbicides,  that  is  thè  indirect  effect  promoting  thè  biological  production 
of  Lupinus  species  investigated  with  thè  above  listed  parameters  was  evaluated  for 
thè  108  preparations  one  by  one  and  according  to  thè  larger  Chemical  groups  too. 

The  frequency  of  occurrence  of  thè  most  dominant  weed  species  at  thè  experi- 
mental  site:  in  thè  case  of  Setaria  glauca  was  reduced  by  thè  preparations  belonging 
to  carbamide,  triazine  and  uracyl  derivatives  and  thè  herbicide  combinations.  The 
Setaria  glauca  proved  to  be  tolerant  and  resistant  to  74%  of  thè  applied  herbicides. 
In  contrast  to  this,  thè  Chenopodium  album  was  sensitive  to  65%  of  thè  herbicides. 

According  to  thè  analyses  of  thè  weed  number  at  thè  end  of  summer,  more 
than  one-third  (42)  of  thè  investigated  herbicides  were  reduced  by  more  than  50%. 

The  weight  of  weeds  decreased  likewise  by  more  than  half  (56)  of  thè  herbicides. 
This  indicates  thè  great  importance  of  measuring  thè  weight  of  weeds. 

On  thè  basis  of  thè  individuai  number  and  production  (seed-corn)  of  thè  studied 
culture  plants  L.  albus  was  less  sensitive  of  thè  two  lupin  species  of  thè  same  genus 
to  thè  investigated  herbicides. 

There  was  no  significant  difference  on  comparing  thè  effectiveness  of  every 
single  Chemical  group  summarized  with  thè  group  of  combinations  containing  two 
herbicides,  but  it  should  be  noted  that  only  16  combinations  were  used  from  thè  108 
preparations. 

Evaluating  thè  combinations  and  preparations  containing  only  one  active 
ingredient,  many  of  them  were  found  to  be  promising  for  both  Lupinus  species  such  as 
linuron  (thè  Linuron  50)  in  thè  case  of  Lupinus  albus  diuron  (Karmex)  in  thè  culture  of 
Lupinus  luteus  lenacil  (Venzar)  and  thè  combination  of  promethryne-simazine  (Cam- 
parol,  1803). 


I.  Introduction 

The  herbicides  could  narrow  down  thè  reactions  of  weed  species  given 
in  some  dimensions  of  thè  niche  (Fekete,  1975)  by  thè  inhibition  of  photo- 
synthesis  and  germination:  causing  generai  growing  disorder,  poisoning  of 
respiration  and  thè  biosynthesis  of  chloroplasts,  inhibition  etc.  and  other  so 
far  unknown  factors  could  also  play  a  part  (Fryer  and  Evans,  1968:  Ubrizsy 
and  Gimesi,  1969). 


1 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


270 


BORBÉLY,  F.  —  BORBÉLY,  I.  -  ELEK,  E.  KECSKÉS,  M. 


One  of  thè  most  timely  problems  of  our  age  not  only  from  an  agricultural, 
but  biological  point  of  view  is  just  how  and  to  what  extent  thè  herbicides 
—  being  xenobiotics  —  on  account  of  their  ecophysiological  effect  inhibit 
thè  weed  flora  growth  in  all  weed  species  of  thè  biological  production  and 
agrarian  ecosystems.  This  problem  can  only  be  solved  by  thè  coordinated 
biological  and  agricultural  research.  As  regards  thè  investigation  on  thè  primary 
production  of  arable  fields  (as  a  previous  survey  to  thè  above  mentioned  prob¬ 
lem)  an  excellent  example  of  thè  works  of  Mathé  and  Precsenyi  (1968,1971 
carried  out  on  thè  IBP  sampling  area  of  Ujszentmargita  is  referred  to. 

The  coenological,  ecologieal  investigations  stretching  back  to  many  decades  of  weed 
plant  associations  of  agrarian  and  naturai  ecosystems  in  Hungary  (Balàzs,  1952;  Bodrog- 
kòzy,  1959;  Felfòldy  1952;  Gondola  1964,  1966,  1969;  Jeanplong  1951,  1955;  Soó  1964  — 
1973;  Timar  1954;  Timar  —  Ubrizsy  1957;  Ubrizsy  1950,  1955  etc.)  have  provided  a  valuable 
basis  for  solving  thè  problem. 

Investigations  in  Nyirség  have  been  useful  for  our  work  (Soó  1933,  1934,  1938,  1939, 
1964-1973;  Aszód  1935;  Gondola  1964,  1966,  1969). 

With  regard  to  thè  weed  control  research  and  experience  in  Hungary  of  thè  last  decades 
we  refer  to  thè  comprehensive  works  of  thè  past  years  (Ubrizsy  1968;  Ubrizsy  and  Gimesi 
1969;  Radar  1973). 

According  to  thè  data  of  thè  literature  (Ubrizsy  and  Gimesi  1969),  thè  Setaria  species 
could  be  chemically  eradicated  only  with  great  difficulty  and  thè  Chenopodium  species  are 
dangerous  to  thè  culture  plant  species.  On  thè  basis  of  thè  weed  coenological  registration 
(Ujvàrosi  1952)  thè  Setaria  glauca  is  5th  in  thè  order  of  overgrowth  of  weeds  and  Chenopo¬ 
dium  album  is  4th  in  Hungary.  E.g.  thè  dominance  of  Setaria  species  has  been  reported 
recently  by  Mathé  and  Precsenyi  (1971)  in  ploughed  and  stubble-field  from  other  parts 
of  Hungary.  According  to  data  on  Nyirség,  these  species  are  dominant  in  weed  plant  associa¬ 
tions  of  this  area  too.  In  thè  order  of  overgrowth  thè  Setaria  glauca  is  thè  3rd,  thè  Chenopo¬ 
dium  album  is  thè  7th  in  thè  Nyirség  (Gondola  1964). 

Although  neither  occurring  weed  species  of  weed  flora  of  agrarian  ecosystems  can  be 
neglected,  thè  primary  aim  of  weed  control  should  be  directed  at  weed  species,  thè  most  harm- 
ful  to  culture  plants,  however,  thè  generai  tendency  of  agricultural  practice  is  to  per  manently 
liquidate  thè  weed  species  in  thè  culture  ecosystems  (Ubrizsy  1960,  Van  derZepp  1972). 

Of  thè  herbicides  used  nowadays  80%  are  effective  to  thè  dicotyledons  and  203  of 
them  to  thè  monocotyledons  (Raynaud  1971)  but  from  time  to  time  thè  monocotyledons 
seriously  jeopardized  thè  biological  production  ;of  culture  plants. 

In  thè  interests  of  avoiding  thè  unilateral  effects  influencing  thè  weed  coenosis  which 
could  result  in  a  shift  to  thè  herbicide-resistant  species  in  thè  floristic  composition  of  thè  weed 
stand  or  which  leads  to  thè  formation  of  thè  more  sensitive  weed  species,  it  is  very  important 
to  rotate  thè  herbicides  (Harper  1957,  Ubrizsy  1960,  Versatz  1963). 

Concerning  thè  chemical  weed  control  of  legumes  in  Hungary,  extensive  investigations 
have  been  carried  out  by  Ubrizsy  (1962),  Gimesi  (1964,  1965,  1969,  1971,  1972,  1975),  Gimesi 
and  Ubrizsy  (1964)  and  Ubrizsy  and  Gimesi  (1969).  On  lupin,  only  Ubrizsy  (1962)  and 
Gimesi  and  Ubrizsy  (1971)  have  published  data. 

In  thè  last  decades  during  our  herbicide  selection  investigations  of 
Lupinus  albus  and  L.  luteus  cultures  we  studied  thè  effect  of  herbicides  on 
thè  Lupinus  species  Rhizobium  strains  belonging  to  different  species  (especially 
lupini)  and  their  symbiosis  considering  thè  expressed  demand  of  agricultural 
production  as  well  as  thè  protection  of  thè  environment.  As  a  conclusion,  thè 
herbicides  having  a  perspective  in  weed  control  of  Lupinus  albus  and  L.  luteus 
have  been  given. 

In  this  paper  we  present  thè  results  of  investigations  on  thè  influence 
of  herbicides  on  thè  weed  flora  of  Lupinus  culture-consociation  in  thè  aspect 
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at  thè  end  of  summer  from  1971 — 1973.  We  would  like  to  give  data  frora 
biological  and  agricultural  points  of  view  for  thè  better  knowledge  of  thè 
changes  of  weed  flora  of  Nyirség  affected  by  xenobiotics  (pesticides). 

Therefore  here  firstly  thè  data  concerning  thè  weed  phytomass-decreas- 
ing  effect  of  studied  herbicides  and  their  acting  spectra  determining  thè 
occurrence  of  weed  species  will  he  discussed.  The  qualitative  and  quantitative 
effect  of  herbicides  on  Lupinus  and  Rhizobium  species  and  their  biological 
production  (Borbély  J.,  Borbély,  F.,  Elek  and  Kecskés  1973,  1974, 
Borbély  and  Kecskés  1972,  Elek  Borbély  J.,  Borbély  F.,  Elek  and 
Kecskés  1973,  1974,  Kecskés,  Borbély  J.,  Borbély  F.  and  Elek  1972, 
1975,  Kecskés,  Elek,  Borbély,  J.  and  Borbély  F.  1972a,  1973  will  he 
detailed  only  partially  and  only  for  thè  better  understanding  of  thè  problem 
raised  in  thè  title. 


II.  Materials  and  methods 

Investigations  were  carried  out  at  one  site  of  thè  main  lupin-growing  area  of  thè 
region  of  Nyirség  in  Hungary  in  slightly  acidic  brown  forest  soil  of  which  a  few  characteristics 
are  demonstrated  in  Table  1.  The  principal  meteorological  data  of  thè  vegetation  periods 
are  shown  in  Table  2. 

Table  1 


General  soil  Science  laboratory  test  of  sites  of  Gyulatanya 


pH 

Total 

Available  nutrient 

Saturation 

Capillary  rise 

Humus, 

H20 

KCl 

N% 

N 

p2or 

k2o 

percentage* 

3  h 

5  h 

% 

1971 

0-10 

cm 

5.2 

4.5 

0.047 

2.55 

25.5 

21.4 

29 

305 

355 

1.60 

0-20 

19 

5.3 

4.6 

0.027 

5.59 

19.4 

41.1 

29 

280 

??0 

1.69 

20-40 

99 

5.6 

5.0 

0.048 

5.30 

33.4 

38.7 

29 

270 

2r0 

1.60 

40-60 

99 

5.5 

4.7 

0.043 

3.90 

7.2 

16.2 

30 

290 

310 

1.30 

1972 

0-10 

cm 

5.9 

5.2 

0.032 

0.98 

26.3 

14.3 

29 

320 

350 

1.09 

0-20 

99 

5.8 

5.3 

0.043 

0.29 

43.1 

15.0 

29 

325 

370 

1.27 

20-40 

99 

5.8 

5.0 

0.037 

1.08 

15.5 

16.7 

30 

280 

320 

1.06 

40-60 

99 

6.5 

5.4 

0.030 

0.54 

4.7 

5.0 

29 

380 

400 

0.70 

1973 

0-10 

cm 

6.2 

5.1 

0.024 

0.54 

14.1 

36.2 

30 

270 

300 

1.32 

0-20 

99 

6.2 

4.8 

0.037 

0.49 

13.1 

29.5 

29 

270 

330 

1.23 

20-40 

99 

6.1 

4.9 

0.035 

0.49 

10.6 

26.0 

30 

200 

260 

0.94 

40-60 

99 

6.5 

5.3 

0.033 

0.88 

4.1 

22.5 

29 

250 

290 

1.10 

*  Sticky  point  according  to  Arany. 
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Table  2 


Mairi  meteorological  data  of  vegetation  periods  of  Lupinus  albus  and  L.  luteus 
in  thè  experimental  years 


March 

Aprii 

May 

June 

July 

August 

September 

Monthly  mean  temperature 

1971 

1.6 

10.8 

17.6 

17.9 

19.8 

20.8 

13.5 

1972 

6.5 

12.1 

16.2 

19.2 

22.3 

19.6 

13.2 

1973 

4.5 

9.5 

15.5 

18.1 

20.6 

19.9 

16.7 

20  years’  average  of  temperature 
(1952-1971) 

3.4 

10.0 

14.8 

19.4 

20.6 

20.0 

15.9 

Precipitation  in  mm 

11.3 

16.2 

65.7 

65.2 

40.1 

24.8 

49.8 

1971 

1972 

15.1 

74.8 

62.2 

51.9 

30.4 

70.9 

73.6 

1973 

5.6 

40.3 

52.9 

109.0 

119.1 

9.2 

11.7 

20  years’  average  of  temperature 
(1952-1971) 

27.0 

40.5 

48.4 

86.1 

69.4 

62.9 

44.3 

In  thè  course  of  thè  selection  investigations  from  1971  1973,  108  herbicides  were 

studied:  52  in  1971,  30  in  1972  and  26  tcsted  in  1973.  Eight  of  them  used  in  1971:  thè  A  2591, 
Carnparol  1803,  Gesatop  50,  Hoe  2849,  Karrnex,  Kloben,  Merkazin,  Venzar  were  repeatedly 
investigated  in  1972  too.  Beside  thè  26  herbicides  tested  in  1973  thè  Gesatop  50,  Venzar 
as  well  as  Planavin  75  studied  already  in  1971  were  applied  repeatedly.  This  was  done  because 
of  their  suitable  properties  experienced  in  thè  experiments  of  earlier  years.  In  this  way  thè 
effect  of  119  treatments  was  registered  over  a  three-year  period.  The  108  herbicides  are  listed 
in  24  Chemical  groups  (Table  3).  The  trade  name  was  used  in  this  work,  because,  according 
to  our  experience,  e.g.  two  preparations  having  thè  same  active  ingredients  resulted  in  dif- 
ferent  control  effects.  The  herbicides  were  applied  preemergently  (thè  postemergent  applica- 
tions  proved  to  be  disadvantageous)  3.5  kg/ha  doses  of  herbicides  with  600  1  water/ha  were 
sprayed  uniformly  on  4  m2  plots  using  quadruplicates,  and  thè  seeds  of  Lupinus  albus  Neo¬ 
alba  GT  and  Lupinus  luteus  Gyulatanya  784  were  sown  into  them. 

Evaluating  herbicide  efficiency  starting  from  Schroter  and  Steblers’  (1890,  cit. 
Balàzs  1948)  basic  work  and  considering  thè  cultivation  points  of  view,  in  addition  to  thè 
individuai  number  and  seed  crop  of  lupins/plots,  we  also  registered  on  thè  1/4  m2  sample 
space,  thè  weight  (together)  of  weeds  occurring  at  thè  end  of  summary  in  thè  lupin  culture- 
consociation  as  well  as  thè  number  of  weeds  according  to  species. 

The  Raunkiaer  System  modified  by  Ujvàrosi  (1952,  1973)  was  used  for  marking 
thè  life  forms.  According  to  thè  type  of  thè  experiments  for  demonstrating  frequency  values 
(Table  4,  5,  6)  thè  letter  inarks  used  by  Gondola  (1966)  were  applied  modified  by  us  to  some 
extent  with  thè  introduction  of  “f”  =  species  occurring  in  all  four  replications  but  their  indi¬ 
viduai  number  was  not  less  than  5  and  not  more  than  30;  F  =  frequent  (species  occurring 
in  all  four  replications  with  more  than  30  individuai  numbers);  s  =  subfrequent  (species 
occurring  in  two  —  three  replications  only);  a  =  accident  (species  occurring  only  in  one  plot). 
After  thè  frequency  marks  thè  effective  individuai  number  of  weeds/1  m2  were  written. 
The  registrations  of  weeds  were  made  after  ripening  in  1971  8  —  14  of  September,  in  1972 
11  —  16  of  August,  and  in  1973  12  —  18  of  September. 


III.  Results  and  discussion 


-s 


The  number  of  weed  species  occurring  in  thè  three  experimental  sites 
(not  far  from  each  other)  representing  culture-ecosystem  formed  on  slightly 
brown  forest  soil  was  altogether  20  (5  monocotyledons  and  15  dicotyledons): 
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Table  3 

List  of  herbicides  used  in  thè  investigations 


Trade  name 


Common  name 


Chemical  name 


A)  CONTACT  HERBICIDES 


I.  Nitro-compounds  : 

1.  Amine  20% 

2.  Areti t 

3.  BNP  20 

4.  DNBP  20 

5.  Hoe  2904 

6.  Krezonit  E 

7.  Raphatox 


dinoseb-amine 
dinoseb-acetate 
dinoseb  =  DNBP 
dinoseb  =  DNBP 
dinoseb-acetate 

DNOC 

DNOC 


DNBP  amine-solution 

2.4- dinitro-6-s-butylphenol  acetate 

2.4- dinitro-6  a  butylphenol 

2.4- dinitro-6-s-butylphenol 

2.4- dinitro-6-s-butylphenol  acetate 

2.4- dinitro-o-crezoì 

2.4- dinitro-o-crezol 


IL  Chlorinated  phenols: 


8.  TOK  E-25 


nitrophen 


2,4-dichlorophenyl-4’-nitrophenyl  ether 


B)  SYSTEMIC  HERBICIDES 

Phenoxy-alkyl-carboxylic  acids  and  their  derivatives 

III.  2^4,5-trichloro-phenoxy  acetic  acid  and  its  esthers: 


9.  Trifenoxin  80 


2,4,5-T 


2,4,5-trichlorophenoxyacetic  acid 


IV.  2,4-dichlorophenoxy  acetic  acid  and  its  salts  and  esthers: 


10.  Lironox 


2,4-D-amine 


2,4-D  dichlorophenoxyacetic  acid  amine 


V.  Chloro-crezoxy-acetic  acid  salts: 

11.  Dikotex  40  MCPA 

12.  M  52  MCPA-potassium 


4-chloro-2-methylphenoxyacetic  acid 
K-salt  of  4-chloro-2-methylphenoxyacetic 
acid 


VI.  Phenoxy  propionic 

13.  MP  58 

14.  Sys  67  I 

15.  Sys  67  II 


acid  derivatives: 

mecoprop-potassium 

mecoprop 

mecoprop 


K-salt  of  (±)-2-(4’-chloro-2’-methylphen- 
oxy)  propionic  acid 

(  ±  )-2-(4’-chloro-2’-methylphenoxy  )  pro¬ 

pionic  acid 

(±)-2-(4,-chloro-2’-methylphenoxy)  pro¬ 
pionic  acid 


VII.  Other  phenoxy  derivatives: 


16.  Bexone 

17.  Dyserbo 

18.  Embutor  E 

19.  Embutor 


MCPB 

2.4- DEN 

2.4- DB-buthylesther 
2,4-DB-buthylesther 


4-(4’-chloro-2’-methylphenoxy)-butyric  acid 
2,4-dichloro-phenoxyethanol 
butylesther  of  2,4  DB 
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Table  3  cont. 


Trade  name 

Common  name 

Chemical  name 

20.  Legumex  D 

2,4-DB 

4-(2\4’-dichlorophenoxy)butyric  acid 

21.  Legumex  M 

MCPB 

4-(4’-chloro-2’-methylphenoxy)-butyric 

acid 

22.  Sys  67/B 

2,4-DB 

4-(2’,4’-dichlorophenoxy)-butyric  acid 
4-(4’-chloro-2’-methylphenoxy)-butyric  acid 

23.  Tropotox 

MCPB 

Vili.  Other  substituted  halogenic  acids: 

24.  Vegiben 

chloramben 

3-amino-2,5-dichlorobenzoic  acid 

IX.  Halogenized  aliphatic  carbonic  acids : 

25.  NaTa 

TCA 

Na-trichloro  acetate 

X.  Alpha-chlor-acetamide 

i; 

26.  Legurame 

carbetainide 

phenyl-carbamoyl-oxy-2-N-ethyl  propion 
amide 

XI.  Anilides : 

27.  Dymid 

diphenamid 

N,N-dimethyl-2,2-diphenylacetainide 

28.  DCPA 

propanil 

3,4-dichloro  propion  anilide 

29.  Hortox 

CMA 

N’-(3-chloro-4-inethylphenyl)-2-methyl- 

pentane-amide 

30.  Potablan 

monalide 

alfa,  alfa-dimethyl  valerianic  acid-4-chloro- 
amilide 

31.  Ramrod 

propachlor 

2-chloro-N-isopropyl-N-phenylacetamide 

32.  Satecid 

propachlor 

2-chloro-N-isopropyl-N-phenylacetamide 

33.  Stam  F  34/A 

propanil 

N-(3,4-dichlorophenyl)propionamide 

34.  Stam  F  34 

propanil 

N-(3,4-dichlorophenyl)propionamide 

Carbamates 

XII.  Phenyl- carbamates: 

35.  Betanal 

phenmedipham 

3-inethoxy-carbonyl-amino-phenyl-N-(3’- 
methylphenyl)  carbamate 

36.  Hungarian  CIPC 

chlorpropham 

isopropyl-N-(3-chlorophenyl)  carbamate 

37.  Prevenol 

chlorpropham 

isopropyl-N-(3-chlorophenyl)  carbamate 

XIII.  Thiocarbamates  : 

38.  Avadex 

triallate 

S-2,3,3-dicldoroalkyl-N,N-diisopropyl  thio- 
carbamate 

39.  Basamid 

dazomet 

3,4,5,6-tetrahydro-3,5-dimethyl-l,3,5- 

thiadiazine-2-thione 

40.  Campione 

E.P.T.C. 

S-ethyl-N’N-dipropyl-thiocarbamate 

41.  Ordram 

molinate 

N-hexamethylene-S-ethyl-thiocarbamate 

42.  Tillam  6  E 

pebulate 

S-propyl-N-butyl-N-ethyl-thiocarbamate 

43.  Vegadex 

sulfallate 

diethyl-dithio-carbamate  acid-chloroalkyl- 
ester 

44.  Vernam 

vernolate 

S-propyl-N,N-dipropyl-thiocarbamate 
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Table  3  cont. 


Trade  name 

Common  name 

XIV.  Urea  derivatives: 

45.  Afalon 

linuron 

46.  Cotoran 

fluometuron 

47.  DCU  F 

DCU 

48.  DCU  P 

DCU 

49.  Diralid 

DCU 

50.  Kloben 

neburon 

51.  Karmex 

diuron 

52.  Linuron  50 

linuron 

53.  Lorox 

linuron 

54.  Maloran 

chlorbromuron 

55.  Patoran 

metobromuron 

56.  R.  Eptapur 

buturon 

57.  Tenoran 

chloroxuron 

58.  Tribunil 

methabenztiazuron 

59.  Telvar 

i  monuron 

XV.  Benzo-nitrile  and  thioamide  derivatives: 

60.  Casoron  133 

dichlobenil 

61.  NPH/1264 

bromoxynil 

62.  NPH/1254 

ioxynil 

63.  Prefix 

chlortiamid 

XVI.  Phthalic  acid  esters: 

64.  Dachtal  DCPA 

Different  cyclic  carbonio  acid  derivatives 


Chemical  name 


N-(3,4-dichlorophenyl)-N’-methoxy-N’- 

methylurea 

N’-(3-trifluoromethylphenyl)-N,N-di- 

methyl-urea 

N,N-bis-(2,2,2-trichloro-l-hydroxy-ethyl) 

urea 

N,N-bis-(2,2,2-trichloro-l-hydroxy-ethyl) 

urea 

N,N-bis-(2,2,2-trichloro-l-hydroxy-ethyl) 

urea 

N-butyl-N’-(3,4-dichlorophenyl)-N-methyl- 

urea 

N-(3,4-dichlorophenyl)-N’,N’-dimethylurea 

N-(3,4-dichlorophenyl)-N’-methoxy-N*- 

methylurea 

N-(3,4-dichlorophenyl)-N’-methoxy-N’- 

methylurea 

N-(4-bromophenyl-3-chlorophenyl)-N’- 
methoxy-N  ’-methylurea 

N’-(4-bromophenyl)-N-methoxy-N-methyl- 

urea 

N’-(4-chlorophenyl)-N-isobutynyl-N- 

methylurea 

(N’-4-(4’-chlorophenoxy)-phenyl)-N,N- 

dimethylurea 

N,N-dimethyl-N’-(2-benzthiazolyl)urea 

N-(4-chlorophenyl)-N\N’-dimethylurea 


2.6- dichlorobenzonitrile 

K-salt  of  3,5-dibromo-4-hydroxybenzo- 
nitrile 

Na-salt  of  3,5-diiodo-4-hydroxybenzo- 
nitrile 

2.6- dichlorothiobenzamide 


dimethyl-2,3,5,6-tetrachloroterephthalate 


X  V IL  Hexa-hydro-phthalate  : 


65.  Aquathol  G 

66.  Endothal 

67.  Hydratol 


endothal 

endothal 

endothal 


7-oxabicyclo-(2,2,l)-heptane-2,3-dicar- 
boxylic  acid-disodium  salt 
7-oxabicyclo-(2,2,l)-heptane-2,3- 
dicarboxylic  acid-disodium  salt 
7-oxabicyclo-(2,2,l)-heptane-2,3- 
dicarboxylic  acid-disodium  salt 
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Table  3  cont. 


Tracie  name 


Common  name 


Chemical  name 


XVIII.  Triazine  derivatives: 


68.  WL  19805  (Bladex) 


cyazine 


2-(4-chloro-6  ethyl-amino-l,3,5-triazine-2-y] 
amino)2  methyl-propionitrile 


XIX.  Alkyl-amino-chloro-triazines  : 


69.  Aktikon 

atrazine 

70.  A  2591 

secbumeton 

71.  Etazin 

secbumetine 

72.  Gesatop  50 

simazine 

73.  Gesaprim  50 

atrazine 

XX.  Mercapto-triazines  : 

74.  Gesagard  50 

prometryne 

75.  Gesapax  50 

ametryne 

76.  Igran  50 

terbutryne 

77.  Igran  2105 

terbutryne 

78.  Igran  80 

terbutryne 

79.  Merkazin 

prometryne 

80.  Semeron 

desmetryne 

Other  herbicidal  active  ingredients 


2-chloro-4-isopropylamino-6-aethylamino- 

1.3.5- triazine 

4-aethylamino-2s-butylamino-6-methoxy- 

1.3.5- triazone 

2-methoxy-4-aethylamino-6s-butylamino- 

1.3.5- triazine 

2-chloro-4,6-bis(aethylamino)-l,3,5-triazine 

2-chloro-4-aethylamino-6-isopropylamino- 

1,3,5-triazine 


2,4-bis(isopropylamino)-6-methylthio-l,3,5- 

triazone 

2-aethylamino-4-isopropylamino-6-methyl- 

thio-l,3,5-triazine 

2-methylthio-4-aethylamino-6-t-butyl- 

amino-l,3,5-triazine 

2-methylthio-4-aethylamino-6-t-butyl- 

amino-l,3,5-triazine 

2-inethylthio-4-aethylamino-6-t-butyl- 

amino-l,3,5-triazine 

2,4-bis(isopropylamino)-6-methylthio-l,3,5- 

triazine 

2-isopropylamino-4-methylamino-6- 
methylthio-1 ,3,5-triazine 


XXI.  Heterocyclic  compounds : 


81.  Amitrol  TL 

82.  Amino  Triazole 

83.  Hyvar 

84.  Pyramin 

85.  Sinbar 

86.  Venzar 


amitrol-rodamid 

amitrol 

bromacil 

pyrazon 

terbacil 

lenacil 


3-amino-l,2,4-triazolonium-rodamide 
3-amino-l,2,4-triazole 
5-bromo-3-s-butyl-6-methyl  uracil 
5-amino-4-chloro-2-plienylpyridazin-3(2H)- 
one 

3-t-butyl-5-chloro-6-methyl  uracil 
3-cyclohexyl-5,6-trimethylene  uracil 


XXII.  Anilines: 

87.  Planavin  75 

88.  Treflan 


nitraline 

trifluralin 


2.6- dinitro-4-methylsulphonyl-N,N- 
dipropylaniline 

2.6- dinitro-N,N-dipropyl-4-trifluoromethyl 
analine 
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Table  3  cont. 


Trade  name 


Common  names  of  components 


C)  OTHER  HERBICIDES 

XXIII.  Combinations  : 


89.  Aniten  D 

90.  Aniten  M 

91.  Atracil  C 

92.  Banvel  D 

93.  Camparol  1803 

94.  Cartex-M 

95.  Chlorflurazole 

96.  Embutox  plus 

97.  Gesaprim  1802 

98.  Gesaran 

99.  Hoe  2849 

100.  Liro-Betarex 

101.  Murbetol 

102.  Tonitox 

103.  Trimetrin 

104.  Tropotox  plus 


2.4- D  -f-  flurenol  (as  dimethylamino  salts) 

MCPA  -f-  flurenol  (as  dimethylamino  salts) 
ioxynil  -f-  mecoprop  (as  thè  potassium  salts) 
dicamba  -f-  2,4-D 

promethryne  -f~  simazine 

propachlor  -f~  monolinuron  promethryne 

chlorflurazole  -f-  MCPA 

2.4- DB  -f-  MCPA 
ametrine  -f-  atrazine 
methoprotryn  -f~  simazine 
dinoseb-acetate  +  monolinuron 
propham  -f~  diuron 
endothal-Na  -j-  propham 

aktinit  PK  -f-  chlorophenoxvacetic  acid  -f-  DNOC 
aktinit  PK  -j-  2,4-D-Na  -f-  DNOC-salt 
MCPB  +  MCPA-Na 


XXIV.  Experimental  preparations  (active  ingredients  are  noi  published) 
33.3%  dinosebacetate  -f-  8.3%  linuron 


105.  Banlene  plus 

106.  Hoe  2913 

107.  Hoe  2918 

108.  Hoe  2745 


20%  monolinuron  -f-  chloral-chloroacetamide 
75%  chloral-chloroacetamide 


14  in  1971,  16  in  1972  and  14  in  1973.  (Tables  4,  5,  6).  The  distribution  by 
species  is  demonstrated  in  Fig.  1. 

The  ratio  of  thè  monocotyledons/dicotyledons  was  thè  following  4/10  in  1971,  3/13 
in  1972,  4/10  in  1973.  Of  thè  20  weed  species  9  occurred  in  all  three  years  and  in  thè  three 
experimental  sites.  4  of  thè  9  Constant  species:  Digitarla  sanguinalis ,  Echinochloa  crus-galli , 
Setaria  glauca  and  Chenopodium  album  proved  to  be  dominant  every  three  years,  5  of  thè 
Constant  species  thè  Vicia  hirsuta  (12),  Amaranthus  retroflexus  (39),  Polygonum  aviculare  (5), 
Polygonum  convolvulus  (57),  Polygonum  lapathifolium  (32)  occurred  in  all  three  years  in  every 
experimental  site,  but  as  thè  number  in  thè  brackets  indicates  they  occurred  only  sparsely* 
considering  thè  432  mapping  spaces  and  only  in  a  few  cases  in  all  thè  replications  of  thè  same 
treatment. 

Agropyron  repens ,  Equisetum  arvense ,  Trifolium  arvense ,  Hibiscus  trionium ,  Convolvu¬ 
lus  arvensis ,  Cirsium  arvense ,  Erigeron  acris ,  Melandrium  album ,  Cannabis  sativa ,  Lamium 
purpureum  and  Sinapis  arvensis  are  considered  as  accident  species,  because  none  of  them 
were  found  in  all  three  years  that  is  none  of  them  occurred  in  all  thè  experimental  sites  and 
never  in  four  replications  of  thè  same  treatments.  These  11  accident  species  were  only  re- 
gistered  altogether  in  67  replications  of  different  treatments  during  thè  three  years  with  thè 
exception  of  Convolvulus  arvensis  which  was  found  in  17  replications  (Table  5)  of  thè  treat¬ 
ments  of  1972,  thè  other  10  species  occurred  only  in  10  or  less  treatments  (Table  4,  5,  6). 
Their  number  and  weight  were  insignificant. 

The  relatively  high  number  of  thè  accident  weed  species  could  be  explain- 
ed  by  thè  agrotechnique  conducted  on  these  experimental  sites  for  a  very 
long  time  systematically.  This  is  justified  by  thè  fact  that  sometimes  we 
found  those  species,  which  did  not  occur  in  thè  control  plots. 
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1971  1972  1973 


Fig.  1.  Frequency  of  weed  species  (%)  in  thè  lupin  culture-consociation.  (In  non-disturbed 
hoed  and  herbicide-treated  plots  of  site) 
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From  thè  dominant  species  listed  above  thè  Setaria  glauca  was  thè 
most  resistant  to  thè  herbicides,  as  it  can  be  seen  in  Fig.  2  where  only  a  few  more 
active  herbicides  are  given. 

As  it  can  be  seen  in  Fig.  2  and  Tables  4,  5  and  6,  among  thè  108  herbicides 
applied  mainly  7  of  carbamides,  7  of  triazines  and  2  of  uracils  as  well  as  from 
thè  16  herbicide  combinations  5  preparations  killed  remarkably  thè  Setaria 
glauca .  In  addition  to  thè  inhibitory  effect  of  Setaria  glauca .  these  data  have 
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.Fig.  2.  Herbicides  strongly  decreasing  thè  frequency  of  occurrence  of  Setaria  glauca 


to  be  controlled  with  respect  to  herbicide  sensitivity  of  culture  plants  and 
their  biological  production  (seed)  too.  For  this  reason  it  should  be  remarked 
that  11  of  thè  Seiaria-inhibiting  preparations  from  thè  29  herbicides  listed  in 
Fig.  2.  Gesatop  50,  Karmex,  Yenzar  and  Camparci  803  used  in  1971  and  1972 
proved  to  be  phytotoxic  to  both  investigated  lupin  species.  For  example, 
Sinbar  and  Hyvar  killed  beside  thè  representatives  of  thè  Setaria  species 
all  thè  weed  species  in  thè  plots  treated  with  these  heterocyclic  compounds 
and  thè  two  lupin  plants  growing  in  this  culture-consociation  too. 

Among  thè  above  mentioned  preparations  which  decreased  markedly 
thè  number  of  Setaria  glauca,  13  inhibited  by  more  than  50%  thè  growth  of 
Lupinus  albus  and  11  thè  L.  luteus.  Merkazin  did  not  decrease  thè  number  of 
lupin  species  but  it  did  their  seed  yield.  Linuron  50  compared  to  thè  hoed 
control  did  not  decrease  either  with  respect  to  number  of  production  of  culture 
plants. 

Karmex  (diuron)  simiiarly  to  Linuron  50  proved  to  be  very  favourable 
to  L.  albus  and  Yenzar  (lenacil)  in  L.  luteus  cultures. 

As  it  is  evident  from  these  data,  among  thè  preparations  shown  in  Fig.  2 
from  thè  points  of  view  of  production  biology  and  agriculture,  mainly  thè 
last  three  could  be  evaluated  positively  and  for  L.  albus  cultures  also  thè  linuron- 
containing  preparations  Lorox  and  Afalon  and  as  regards  thè  L.  luteus  cultures 
Gesagard  and  Tribunil  herbicides  could  be  mentioned. 
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Table  4 


Mass  of  iveeds  and  thè  frequency  of  iveed  species 


Herbicides 

Weight  of 
weeds  in  % 

Number  of 
weeds  in  % 

Agro- 

Digitarla 

sanguinalis 

I\ < ‘Ili ll<  M  ‘  1 1 1  n a 

Setaria 

Treatments 

Chemical 

groups 

of  control 
without 
hoeing 

of  control 
without 
hoeing 

pyron 

repens 

crus-galli 

glauca 

A  2591 

XIX-70 

63.7 

27.5 

_ 

s/  61 

f/  26 

s/  59 

Amine  20% 

1-1 

107,2 

59.2 

— 

F/  39 

s/  52 

F/24S 

Amino-Triazole 

XXI-82 

106.1 

73.8 

— 

s/120 

s/  24 

F/200 

Amitrol  TL 

XXI-81 

87.6 

90.6 

— 

F/  73 

s/  76 

F/181 

Atracil  C 

XXIII-91 

71.0 

43.5 

— 

a/  15 

f/  18 

F/139 

Aquatol  G 

XVII-65 

115.5 

86.3 

— 

s/  22 

F/108 

F/108 

BNP  20 

1-3 

116.6 

94.6 

— 

s/  83 

s/146 

F/26S 

Banvel  D 

XXIII-92 

139.8 

31.9 

— 

F/  84 

F/101 

F/  41 

Bexone 

VII-16 

104.3 

67.0 

— 

a/  15 

s/  56 

F/138 

Camparol  1803 

XXIII-93 

41.5 

16.3 

— 

F/  95 

s/  11 

a/  7 

Campione 

XIII-40 

94.1 

60.6 

— 

a/  12 

s/  86 

F/182 

Casoron  133 

XV-60 

111.2 

59.7 

— 

s/  8 

s/  66 

F/170 

DCU  (F) 

XIV-47 

85.1 

102.3 

— 

s/  14 

s/  47 

F/264 

DCU  (P) 

XIV-48 

72.5 

67.7 

— 

a/  55 

s/  20 

F/  37 

DNBP  20 

1-4 

93.4 

76.9 

— 

F/157 

s/  47 

F/218 

Dymid 

XI-27 

67.7 

62.4 

— 

a/  2 

f/  15 

F/  4S 

Dyserbo 

YII-17 

95.2 

122.4 

— 

s/337 

s/  70 

F/157 

Embutor 

VII-19 

102.1 

60.3 

a/l 

a/  38 

s/  12 

F/216 

Embutor  E 

VII-18 

110.1 

49.5 

s/  33 

F/  91 

F/176 

Gesagard  50 

XX-74 

81.5 

23.7 

— 

s/  70 

f/  25 

F/  49 

Gesatop  50 

XIX-72 

33.3 

3.6 

a/l 

f/  5 

s/  9 

s/  3 

Hydrothal 

XVII-67 

80.0 

104.8 

s/  46 

s/  54 

F/214 

Hyvar 

XXI-83 

0.0 

0.0 

— 

— 

— 

— 

Hoe  2849 

XXIII-99 

66.6 

28.3 

— 

s/  57 

F/  71 

F/  57 

Hortox 

XI-29 

77.5 

45.9 

— 

s/  2 

s/  42 

F/178 

Karmex 

XIV-51 

2.5 

0.5 

— 

a/  1 

a/  2 

a/  1 

Kloben 

XIV-50 

80.0 

27.3 

— 

s/  30 

F/  60 

F/  66 

Krezonit  E 

1-6 

89.1 

36.1 

— 

s/  10 

F/  31 

F/197 

Legumex  D 

VII-20 

84.7 

56.9 

— 

s/  40 

s/  59 

F/150 

Legumex  M 

VII-21 

111.2 

71.3 

— 

s/  29 

s/  30 

F/194 

Lironox 

IV- 10 

111.2 

53.7 

— 

s/  18 

s/  46 

F/165 

Linuron  50 

XIV-52 

24.2 

15.2 

— 

F/  85 

s/  6 

s/  13 

Merkazin 

XX-79 

52.1 

17.7 

— 

s/  48 

s/  16 

F/  40 

Murbetol 

XXIII-101 

87.3 

101.5 

— 

s/  82 

s/  90 

F/205 

NPH  1254 

XV-62 

75.7 

44.5 

— 

s/  21 

F/149 

F/  64 

NPH  1264 

XV-61 

104.7 

44.6 

— 

s/  11 

F/142 

s/  63 

Ordram 

XIII-41 

91.6 

85.7 

— 

s/  33 

s/  48 

F/258 

Planavin  75 

XXII-87 

62.3 

51.3 

— 

s/  13 

s/  60 

F/130 

Pyramin 

XXI-84 

65.9 

53.2 

— 

s/  30 

s/  60 

F/145 

R-Eptapur 

XIV-56 

75.3 

35.6 

— 

F/  78 

F/  38 

F/lll 

Semeron 

XX-80 

80.4 

39.6 

— 

s/  64 

F/  53 

F/  77 

Stam  F  34 

XI-34 

101.8 

82.4 

— 

F/  40 

F/119 

F/240 

Sys  67  I 

VI-14 

92.0 

95.5 

— 

s/  42 

s/  56 

F/205 

Sys  67  II 

VI-15 

66.6 

89.5 

— 

s/  31 

s/  53 

F/253 

Telvar 

XIV-59 

8.5 

4.7 

— 

s/  15 

s/  5 

s/  11 

Tillam  6-E 

XIII-42 

88.7 

87.3 

— 

s/  17 

s/  48 

F/200 

Tribunil 

XIV-58 

57.2 

29.0 

— 

s/  22 

F/  51 

s/  37 

Tropotox 

VII-23 

97.8 

58.2 

— 

s/  10 

s/  45 

F/194 

Vegiben 

ziii-24 

79.1 

76.2 

— 

F/  91 

F/243 

F/106 

Venzar 

XXI-86 

66.8 

9.7 

— 

a/  2 

f/  26 

s/  38 

Vernam 

III-44 

106.1 

99.4 

— 

s/  50 

s/  63 

F/323 

WL-19805 

XVIII-68 

82.9 

13.1 

— 

F/  34 

f/  25 

s/  32 

Hoed  control 
Control  without 

16.1 

70.5 

— 

F/403 

F/  41 

F/  57 

hoeing 

100.0 

100.0 

— 

F/  97 

s/  32 

F/219 

altogether:  52  herbicide  treatments 
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affected  by  herbicides  in  a  lupin  culture-consociation  1971 


Tri- 

folium 

arvense 

Vicia 

liirsuta 

Con- 

volvulus 

arvensis 

Melan- 

drium 

album 

Chenopo-  ' 
dium 
album 

Amaranthus 

retroflexus 

Polygonum 

aviculare 

Polygonum 

convolvulus 

Polygonum 

lapathi- 

folium 

Can¬ 

nabis 

sativa 

_ 

_ 

a/l 

_ 

F/  41 

a/  1 

F/8 

_ 

— 

— 

— 

— 

F/  72 

a/  1 

s/13 

8/  2 

— 

— 

— 

— 

— 

a/l 

F/113 

— 

s/18 

s/11 

a/12 

— 

— 

— 

— 

a/2 

F/293 

a/  8 

s/12 

a/  1 

a/  2 

— 

— 

— 

— 

— 

F/105 

a/13 

s/12 

s/  5 

a/  5 

— 

— 

— 

— 

— 

F/295 

— 

s/  8 

a/  3 

— 

— 

— 

— 

— 

— 

F/150 

a/  8 

F/21 

a/  3 

a/  2 

— 

— 

a/l 

— 

— 

F/234 

a/15 

s/  8 

s/  7 

a/  6 

— 

— 

— 

— 

— 

a  /  3 

— 

— 

— 

a/  1 

— 

— 

— 

— 

— 

F/131 

»/  2 

s/10 

s/  8 

8/  2 

a/l 

— 

— 

a/l 

— 

F/171 

— 

F/12 

— 

— 

— 

— 

a/l 

F/381 

— 

s/21 

s/11 

a/  3 

a/l 

— 

— 

— 

— 

F/327 

a/  6 

F/39 

— 

a/  1 

— 

— 

— 

— 

F/114 

a/  2 

s/13 

— 

— 

— 

— 

a/2 

— 

F/370 

a/  1 

s/  8 

s/  4 

— 

— 

— 

— 

— 

— 

F/290 

a/  1 

F/  5 

s/15 

a/  1 

— 

a/l 

— 

— 

— 

F/113 

a/37 

s/  6 

s/  5 

s/  4 

— 

— 

— 

— 

— 

F/  47 

a/13 

s/  7 

»/  7 

— 

— 

— 

— 

— 

— 

f/  25 

a/  1 

— 

— 

— 

— 

— 

— 

a/  6 

— 

8/  2 

— 

— 

— 

— 

— 

— 

— 

F/420 

— 

a/10 

s/  7 

— 

— 

_ 

_ 

_ 

_ 

s/  2 

a/  1 

a/  3 

_ 

_ 

_ 

— 

— 

a/l 

— 

F/  74 

a/  1 

s/11 

s/19 

a/  1 

— 

— 

— 

— 

— 

F/  32 

a/  2 

s/16 

_ 

— 

_ 

— 

— 

— 

— 

f/  19 

— 

— 

s/  2 

— 

— 

a/l 

— 

— 

— 

F/130 

s/l  6 

8/  7 

s/  5 

— 

— 

— 

— 

— 

_ 

F/204 

a/  3 

s/15 

F/18 

s/18 

— 

— 

— 

— 

— 

F/115 

a/  1 

F/14 

s/  4 

s/  7 

— 

— 

a/2 

— 

— 

— 

s/  2 

— 

— 

— 

— 

— 

— 

— 

f/  19 

a/  3 

— 

— 

— 

a/l 

— 

— 

— 

F/327 

— 

F/18 

a/  3 

a/  1 

— 

— 

— 

— 

— 

F/  67 

a/  2 

s/10 

s/  6 

— 

— 

— 

— 

— 

s/  96 

— 

s/  4 

s/  4 

— 

— 

— 

— 

— 

— 

F/213 

— 

F/46 

s/16 

— 

— 

a/l 

— 

— 

— 

F/138 

— 

F/10 

s/  5 

s/11 

— 

— 

— 

— 

— 

F/144 

s/2 

— 

— 

— 

— 

— 

— 

— 

f/  22 

a/  1 

F/  5 

— 

— 

— 

— 

— 

a/2 

— 

F/  79 

s/10 

— 

— 

— 

— 

— 

— 

— 

F/166 

a/  2 

s/20 

/02 

a  /  1 

— 

s/2 

— 

— 

— 

F/359 

s/2 

s/12 

a/  3 

a/  2 

— 

— 

— 

— 

— 

F/258 

a/  1 

s/30 

s/11 

s/  4 

— 

— 

a/1 

— 

— 

— 

— 

— 

— 

8/  2 

— 

— 

— 

— 

F/289 

— 

F/31 

s/18 

a/  1 

— 

— 

— 

— 

— 

F/  84 

a/  5 

8/  7 

a/  1 

— 

— 

a/l 

— 

— 

F/141 

a/  1 

s/  2 

a/  3 

s/  2 

— 

— 

— 

— 

— 

8/  21 

s/  8 

F/  8 

s/  2 

— 

— 

— 

— 

— 

— 

a/  1 

s/  3 

— 

— 

— 

— 

— 

— 

— 

— 

F/248 

— 

F/22 

s/  6 

— 

— 

— 

— 

— 

— 

— 

s/  2 

— 

a/  1 

— 

— 

— 

— 

— 

— 

s/  2 

— 

— 

— 

a/  2 

— 

a/l 

- 

- 

- 

F/377 

a/  1 

s/13 

s/  5 

a/  1 

— 
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For  thè  control  of  Setaria  species  to  be  found  in  every  weed  association 
in  Hungary,  thè  Ramrod  and  Hungazin  PK  and  NaTA  -f-  Aresin  NaTA  -f“ 
Pyramin  combinations  mentioned  by  Ubrizsy  and  Gimesi  (1969)  Radar 
(1973)  refer  to  thè  resistance  of  Setaria  glauca  to  2,4,5,  T  and  tolerance  to 
Hungazin. 

In  thè  course  of  our  investigations  on  sensitivity  to  Setaria  species 
good  results  were  achieved  in  1971  with  Campami  1803  (a — 7),  Gesatop  50 
(s — 3),  Karmex  (a — 1),  Linuron  50  (s — 13),  in  1972  with  Aktikon  ( — ),  Gesaprim 
1802  (a — 7),  Gesatop  50  (s — 6),  Karmex  (s — 4),  Yenzar  (F — 17),  in  1973  with 
Afalon  (s — 7),  Diralid  (s — 9),  Gesaprim  50  (s  — 1),  Cartex  M  (s  —  5)  but  it 
should  be  noted  that  Setaria  glauca  proved  to  be  resistant  or  tolerant  to  74% 
of  thè  preparations.  Kadar  (773)  mentions  resistance  of  Digitarla  sanguinalis 
toward  2,4  D  and  2,4,5  — T  and  its  tolerance  to  Hungazin. 

The  Digitarla  sanguinalis  proved  to  be  sensitive  to  Dymid  (a  —  2),. 
Hortox  (a — 2),  Karmex  (a  — 2)  in  1971,  and  in  1972  to  Dikotex  ( — ),  Embutox 
plus  ( — ),  Hoe  2913  ( — ),  Karmex  (  —  ),  Venzar  ( — )  in  1973  Avadex  (a  —  2)* 
Diralid  (s — 7),  Sys  67  (a — 7),  and  Yenzar  (s  — 3)  herbicides. 

For  thè  control  of  Echinochloa  species  Ubrizsy  and  Gimesi  (1969) 
recommended  Dalapon,  Lasso,  Randox,  NaTA,  Synpram,  Hungazin  PK  and 
DT,  Synpram  and  Ordram  herbicides,  while  Kadar  (1973)  mentions  thè 
resistance  of  Echinochloa  crus-galli  to  2,4 — D,  2,4,5 — T  MCPA  dinosebacetate 
and  tolerance  to  Hungazin. 

We  found  that  against  Echinochloa  crus-galli  in  1971  Karmex  (a — 2), 
Linuron  50  (s — 6),  Gesatop  50  (S  — 9),  Campione  (a — 12),  in  1972.  Embutor 
plus  (a — 1),  Dikotex  (a  — 1),  Camparol  1803  ( — ),  Yenzar  ( — )  and  in  1973 
Gesatop  50  (s — 7),  Ramrod  (s — 3),  Trimetrin  (s—  6)  proved  to  be  effective. 

According  to  thè  publications  of  Ubrizsy  and  Gimesi  (1969)  and  Kadar 
(1973)  among  thè  12  herbicides,  Chenopodium  album  proved  to  be  moderately 
sensitive  to  NaTA  and  Dinosebacetate  and  to  thè  other  10  investigated  prep¬ 
arations  it  was  very  sensitive. 

In  our  observations  Camparol  1803  (a — 3),  Hoe  2849  (s — 2),Yenzar  (a — 1) 
Gesatop  50  (a — 6)  in  1971  and  in  1972  A  2591  ( — ),  Camparol  1803  ( — ),  Hoe 
2849  ( — ),  Igran  80  ( — ),  Igran  2105  ( — ),  Karmex  ( — ),  Yenzar  ( — )  and  in 
1973  Afalon  (a — 1),  Gesaprim  50  ( — ),  Trimetrin  (  — )  and  Yenzar  (  — )  herbicides 
proved  to  be  very  effective  to  Chenopodium  album  but  it  was  more  or  less 
sensitive  to  65%  of  thè  tested  herbicides. 

As  it  is  illustrated  in  Table  4,  Hyvar,  Karmex  Gesatop  50,  Telvar,  Venzar 
WL  19805,  Linuron  50,  Camparol  1803,  Merkazin,  Gesagard  50,  decreased 
thè  number  of  weeds  by  100 — 75%  in  1971  compared  to  thè  untreated  control. 

The  following  herbicides:  Kloben,  a-2591,  Hoe  2849,  Tribunil,  Banvel  D, 
R-Eptapur,  Krezonit  E,  Semeron,  Atracil  C,  NPH  1254,  NPH  1264,  Hortox, 
Embutor  E.  reduced  thè  number  of  thè  weed  species  by  75 — 50.  31  of  thè 
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54  herbicides  studied  -in  1971  decreased  thè  number  of  weeds  by  less  than  50% 
and  thè  DCU,  Dyserbo,  Hydrothal,  Murbetol  compared  to  thè  untreated 
control  did  not  change  their  number. 

As  opposed  to  this,  in  1972  only  Aretit  decreased  thè  number  of  weeds 
by  25%,  Dikotex  (50%),  Raphatox  (49%),  Embutox  plus  (49%),  Hoe  2849 
(45%),  Betanal  (44%),  Liro-Betarex  (44%),  Hoe  (39%),  Potablan  (39%), 
Basamid  (38%),  Hoe  2745  (33%),  Hoe  2904  (31%)  reduced  thè  weed  number 
to  25 — 50%.  From  thè  herbicides  applied  in  1972  twelve  controlled  thè  weeds 
by  50 — 75%  but  eighteen  75 — 100%. 

The  number  of  weeds  was  high  in  both  herbicide  treatments  and  thè 
hoed  control  plots  too.  The  number  of  weed  species  did  not  decrease  under 
Chemical  or  mechanical  treatments.  This  could  be  explained  by  thè  high 
rainfall  in  June  and  July  before  thè  mapping  at  thè  end  of  summer  (Table  2) 
which  is  corroborated  with  thè  measurements  of  weed  weights  (Fig.  3).  When 
drawing  up  thè  map,  thè  number  of  weeds  which  had  sprouted  on  thè  effect 
of  rain  and  were  stili  growing,  were  counted  too. 

On  thè  basis  of  thè  measurements  of  weeds  in  1971  (Table  4)  thè  Hyvar, 
Karmex,  Telvar,  Linuron  50,  Gesatop  50  decreased  thè  phytomass  of  weeds 
from  75% — 100%  and  Camparol  1803  from  50 — 75%.  In  thè  case  of  Merkazin 
(48%),  Tribunil  (43%),  Planavin  (38%),  A  2591  (37%),  Pyramin  (34%) 


%  1971  1972  1973  alttogether 


%  1971  1972  1973  alltogether 


|  |  control  without  hoeing  Y////\  average  of  108  preparations 

Fig.  3.  Summarized  effects  of  herbicides  on  weeds  compared  to  thè  control  without  hoeing 
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Table  5 

Mass  of  weeds  and  thè  frequency  of  weed  species 


Herbicides 

Weight  of 
weeds  in  % 
of  control 
without 
hoeing 

Number  of 
weeds  in  % 
of  control 
without 
hoeing 

Digit  a  ria 
sangui¬ 
nali 

Echi- 

nochloa 

crus- 

galli 

Setaria 

glauca 

Treatments 

Chemical  groups 

Aktikon 

XIX-  69 

0.5 

0.7 

s/2 

Aretit 

I-  2 

24.6 

77.5 

a/4 

a/2 

F/160 

A  2591 

XIX-  70 

19.2 

17.8 

— 

s/2 

F/  43 

Basamid 

XIII-  39 

16.2 

62.0 

a/ 2 

F/105 

Betanal 

XII-  35 

26.9 

56.9 

— 

s/2 

F/104 

Camparol  1803 

XXIII-  93 

21.4 

6.2 

a/l 

f/  15 

Chlorflurazole 

XXIII-  95 

20.0 

37.5 

a/l 

— 

F/  89 

Dikotex 

V-  11 

35.4 

50.0 

a/l 

F/112 

Embutox  plus 

XXIII-  96 

17.7 

51.9 

— 

a/l 

F/124 

Etazin  50 

XIX-  71 

28.0 

31.0 

s/5 

a/l 

F/73 

Gesaprim  1802 

XXIII-  97 

2.4 

1.5 

a/2 

a/  7 

Gesatop  50 

XIX-  72 

8.1 

3.4 

s/3 

— 

s/  6 

Hoe  2849 

XXIII-  99 

27.0 

55.4 

a/2 

s/2 

F/138 

Hoe  2913 

XXIV-106 

19.6 

61.2 

— 

s/2 

F/154 

Hoe  2918 

XXIV- 107 

28.0 

34.8 

a/l 

s/2 

s/  62 

Hoe  2745 

XXIV-108 

31.1 

63.5 

a/l 

F/142 

Hoe  2904 

I-  5 

21.4 

69.7 

a/l 

a/2 

F/152 

Hungaria  CIPC 

XII-  36 

12.8 

41.0 

— 

F/104 

Igran  80 

XX-  78 

31.1 

11.6 

— 

s/3 

f/  27 

Igran  2105 

XX-  77 

23.4 

9.3 

— 

— 

f/  24 

Karmex 

XIV-  51 

1.0 

2.3 

— 

a/l 

s/  4 

Kloben 

XIV-  50 

20.3 

29.0 

s/24 

s/2 

F/  48 

Liro-Betarex 

XXIII-100 

70.3 

56.9 

— 

s/2 

F/141 

Lorox 

XIV-  53 

22.0 

9.6 

a/4 

f/  20 

Merkazin 

XX-  79 

28.7 

19.7 

a/l 

— 

F/  49 

M-52 

V-  12 

30.0 

34.1 

a/l 

a/l 

F/  73 

MP-58 

VI-  13 

21.2 

17.0 

a/l 

F/  36 

Potablan 

XI-  30 

25.0 

61.2 

a/l  | 

a/9 

F/139 

Prefix 

XV-  63 

18.3 

13.1 

— 

F/  31 

Prevenol 

XII-  37 

10.0 

45.7 

a/2 

F/109 

Raphatox 

I-  7 

55.3 

51.1 

a/l 

a/l 

F/122 

Sinbar 

XXI-  85 

0.0 

0.0 

_ 

Stam  F-34-A 

XI-  33 

20.5 

47.2 

a/l 

s/2 

F/113 

Tok-E-25 

II-  8 

18.7 

37.9 

a/l 

s/2 

F/  88 

Tonitox 

XXIII-102 

27.9 

10.4 

s/4 

a/l 

f/  22 

Trifenoxin  80 

III-  9 

32.0 

50.0 

a/3 

s/3 

F/117 

Tropotox  plus 

XXIII-104 

16.6 

22.8 

— 

F/  80 

Venzar 

XXI-  86 

10.6 

7.3 

— 

f/  17 

Hoed  control 

3.3 

4.2 

— 

f/  11 

Control  without  hoeing 

100.0 

100.0 

a/l 

F/167 

altogether:  38  herbicide  treatments 


Hoe  2849  (33%),  Sys  67  (33%),  Yenzar  (33%),  Dymid  (32%),  Atracil  C  (29%), 
DCU  (27%)  thè  weed  mass  was  reduced  only  from  25 — 50%  (but  as  thè 
values  in  thè  brackets  indicate  here  an  important  reduction  in  weed  plants  is 
entailed). 
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affected  by  herbicides  in  a  lupin  culture-consociation  1972 


Tri- 

Melan-  ! 

Cheno- 

Ama- 

I  olygo- 

Polygo- 

Polygo- 

Canna¬ 

Yicia 

Hibiscus 

Cirsiuni 

ron 

d  riunì 

podium 

ranthus 

num 

num 

num 

bis 

hi  r su tu 

trionum 

arvensc 

album 

album 

retro- 

avicu- 

convol- 

lapathi- 

sativa 

flexus 

lare 

vulus 

folium 

a/32 

- 

- 

- 

- 

- 

s/  2 

- 

— 

- 

- 

- 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

a/  1 

— 

— 

— 

_ 

— 

a/3 

— 

— 

— 

f/  9 

— 

— 

a  /  1 

— 

— 

a/5 

— 

— 

a/l 

a/15 

— 

— 

s/  6 

— 

— 

s/  4 

— 

— 

_ 

_ 

_ 

a/l 

_ 

_ 

_ 

a/  1 

_ 

a/3 

a  /  1 

a/l 

— 

— 

— 

— 

s/6 

— 

— 

— 

s/  2 

— 

— 

a/  1 

a/l 

a/5 

— 

a/  1 
a/  1 

- 

s/4 

- 

— 

- 

a/  1 

- 

- 

s/  4 

- 

— 

- 

- 

- 

s/l 

- 

a/2 

- 

a/25 

f/13 

- 

- 

a/  1 

s/  5 

a/l 

a/l 

— 

- 

— 

s/2 

— 

— 

— 

s/13 
8/  2 

- 

— 

- 

a/5 

a/5 

a/l 

a/  1 

— 

s/3 

- 

— 

a/l 

a/  1 

~ 

- 

- 

- 

- 

— 

— 

— 

s/4 

— 

I 

s/  7 

— 

_ 

a  /  1 

a/  1 

a/l 

_ 

— 

— 

— 

s/2 

s/3 

— 

— 

— 

a  /  1 

»/  7 

_ 

— 

— 

s/3 

— 

— 

— 

— 

— 

— 

a/l 

s/  4 

a/  1 

— 

s/  3 

— 

a/l 

— 

— 

— 

a/l 

— 

— 

s/  4 

a  /  1 

— 

a/  1 

— 

a/l 

_ 

— 

_ 

a/2 

— 

— 

— 

s/  3 

— 

— 

a/  1 

— 

— 

a/l 

— 

— 

s/2 

— 

— 

— 

a/  2 

— 

— 

a/  1 

— 

a/l 

_ 

_ 

_ 

a/l 

_ 

_ 

— 

_ 

_ 

— 

s/  4 

a/l 

_ 

— 

s  /  3 
a/  1 

— 

s/3 

I 

— 

_ 

s/10 

s/10 

— 

s/2 

a/  1 

— 

— 

a/10 

s/2 

a/  6 

a/4 

- 

s/  5 

s/  5 

- 

s/36 

— 

a/l 

The  herbicide  treatments  applied  in  1972  were  much  more  favourable 
for  thè  culture  plants  (Table  5),  namely  24  of  thè  42  herbicides  depressed 
thè  weight  of  weeds  by  75 — 100%.  Betanal  (73%,  Hoe  2849  (73%),  Tonitox 
(73%),  Etazin  50  (72%),  Hoe  2918  (72%),  Merkazin  (71%),  M  52  (70%), 
Hoe  2745  (69%),  Igran  80  (69%),  Trifenox  80  (68%)  and  Dikotex  (64%) 
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Table  6 


Mass  of  iveeds  and  thè  frequency  of  iveed  species 


Herbicides 

Weight  of 
weeds  in  % 

Number  of 
weeds  in  % 

Equi- 

Digitarla 

sanguinali» 

Echinochloa 

crus-galli 

Setaria 

glauca 

Treatments 

Chemical 

groups 

of  control 
without 
hoeing 

of  control 
without 
hoeing 

setum 

arvense 

Afalon 

XIV-  45 

26.2 

105.0 

_ 

s/32 

F/44 

s/  7 

Aniten  D 

XXIII-  89 

45.0 

176.2 

a/l 

s/23 

F/81 

s/34 

Aniten  M 

XXIII-  90 

26.8 

113.7 

f/19 

s/10 

F/49 

Avadex 

XIII-  38 

43.5 

130.0 

— 

a/  2 

F/50 

s/33 

Banlen  plus 

XXIV-105 

53.0 

183.7 

— 

s/29 

F/40 

F/71 

Cartex  M 

XXIII-  94 

30.5 

121.2 

— 

s/20 

F/65 

s/  5 

Cotoran 

XIV-  46 

31.4 

121.2 

— 

s/45 

s/21 

s/29 

Dachtal 

XVI-  64 

42.2 

167.5 

— 

F/49 

f/27 

F/46 

DCPA 

XI-  28 

69.1 

173.7 

— 

s/17 

F/96 

s/22 

Diralid 

XIV-  49 

76.5 

65.0 

— 

s/  7 

S/18 

s/  9 

Endothal 

XVII-  66 

55.8 

143.7 

— 

s/10 

s/22 

F/67 

Gesapax  50 

XX-  75 

49.6 

73.7 

— 

s/26 

f/  7 

f/16 

Gesaprim  50 

XIX-  73 

23.1 

85.0 

— 

F/41 

s/14 

a/  1 

Gesatop  50 

XIX-  72 

25.6 

78.7 

— 

S/20 

s  /  7 

s/18 

Gesaran 

XXIII-  98 

43.5 

96.2 

— 

F/59 

s/29 

f/23 

Igran  50 

XX-  76 

67.2 

148.7 

— 

s/46 

s/31 

F/38 

Legurame 

X-  26 

76.8 

206.2 

— 

s/38 

f/23 

F/94 

Maloran 

XIV-  54 

28.3 

140.0 

— 

F/72 

s/26 

s/11 

Na  Ta 

IX-  25 

85.4 

116.2 

— 

s/38 

s/29 

s/20 

Patoran 

XIV-  55 

29.6 

77.5 

— 

f/27 

s/16 

s/13 

Planavin  75 

XXII-  87 

125.0 

112.5 

— 

s/50 

s/16 

s/16 

Ramrod 

XI-  31 

42.9 

66.2 

— 

f/  21 

s/  3 

f/21 

Satecid 

XI-  32 

104.0 

98.7 

a/l 

s/12 

s/23 

s/25 

Sys  67/B 

VII-  22 

79.0 

115.0 

a  /  7 

F/54 

s/23 

Tenoran 

XIV-  57 

49.0 

112.5 

— 

s/13 

s/36 

s/26 

Treflan 

XXII-  88 

34.8 

110.0 

— 

F/41 

s/10 

s/21 

Trimetrin 

XXIII-103 

19.7 

76.2 

— 

F/45 

s/  6 

s/10 

Vegadex 

XIII-  43 

43.2 

87.5 

— 

s/33 

F/45 

s/27 

Yenzar 

XXI-  86 

31.1 

53.7 

— 

8/  3 

s/17 

f/23 

Hoed  control 
Control  without 

16.3 

73.7 

— 

s/21 

s/12 

s/  2 

hoeing 

1 

100.0 

100.0 

— 

f/18 

f/25 

s/31 

altogether:  28  herbicide  treatments 


reduced  thè  weed  mass  by  50 — 75%.  But  even  Raphatox  (45%)  and  Liro- 
Betarex  (30%)  resulted  in  a  notable  reduction  in  weight. 

In  1973  (Table  6)  Trimetrin  (80%)  and  Gesaprim  50  (77%)  were  proini- 
nent  with  their  excellent  weed-mass-reducing  effect,  but  thè  treatments  of 
Gesatop  50,  Afalon,  Aniten  M,  Maloran,  Patoran,  Cartex  M,  Yenzar,  Cotoran, 
Treflan,  Dacthal,  Ramrod,  Yegadex,  Avadex,  Gesaran,  Aniten  D,  Tenoran, 
Gesapax  50,  in  fact  Banlene  plus,  Endothal,  Igran  50,  DCPA  treatments 
which  decreased  thè  weight  of  weeds  from  50 — 75%  were  very  remarkable. 
However,  thè  DCU-Diralid  24%,  Legurame  24%  Sys  67/B  21%  NaTA  15% 
reducing  effects  should  not  be  ommitted.  In  this  year  only  Satecid  and  Plana- 
vin  75  proved  to  be  inactive  herbicides. 
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affected  by  herbicides  in  a  lupin  culture-consociation  1973 


Cheno- 

Amaranthus 

Polygo¬ 

Vicia 

Hibiscus 

purpu- 

Sinapis 

Erigeron 

podium 

Polygonum 

Polygonum 

num 

hirsuta 

trionum 

arvensis 

acris 

album 

retroflexus 

aviculare 

convolvulus  1 

lapathi- 

folium 

— 

- 

— 

- 

— 

a/  1 

■/  2 
s/  7 

a/2 

F/4 

- 

— 

— 

— 

— 

a/l 

— 

s/16 

a/l 

— 

a/l 

— 

— 

— 

— 

— 

— 

s/  5 

— 

s/2 

— 

— 

— 

— 

— 

— 

— 

s/  4 

— 

s/3 

— 

— 

— 

— 

— 

— 

a/l 

a/  1 

— 

— 

— 

—  ' 

— 

s/2 

— 

a/l 

s/  8 

a/l 

— 

— 

— 

— 

a/l 

— 

— 

— 

s/  3 

— 

— 

— 

— 

— 

— 

— 

s/15 

— 

s/3 

— 

— 

— 

— 

— 

— 

— 

f/14 

— 

s/2 

— 

— 

a/2 

- 

— 

- 

s/  8 

- 

a/l 

s/2 

- 

- 

- 

— 

- 

- 

s/  5 
s/  3 
f/  9 
s/  3 

- 

a/l 

a/l 

- 

a/l 

— 

- 

a/l 

- 

- 

f/6 

s/  5 
s/  8 
s/  7 

- 

- 

- 

- 

_ 

_ 

_ 

_ 

_ 

_ 

a/l 

— 

— 

a/l 

— 

— 

— 

a/l 

f/13 

— 

s/3 

a/l 

— 

— 

— 

— 

— 

s/  7 

— 

— 

— 

— 

— 

a/l 

— 

— 

a/l 

s/  2 

— 

a/l 

— 

— 

- 

- 

- 

a/l 

s/  3 

s/  5 

8/  2 

- 

I  1  is 

— 

- 

— 

— 

— 

— 

a/l 

— 

— 

— 

— 

— 

- 

- 

— 

a/l 

f/5 

- 

— 

— 

— 

Figure  3  illustrates  thè  mean  values  of  thè  effect  of  thè  applied  108 
herbicides  on  thè  numher  of  weed  species  and  their  biological  production 
compared  with  thè  unhoed  control.  Though  thè  mean  values  represented  thè 
results  of  herbicides  with  extensive  spectrums  it  is  demonstrated  by  thè 
columns  of  Fig.  5  that  thè  herbicide  treatments  considerably  decreased  thè 
number  of  thè  weeds  and  their  weight  too.  The  only  exception  in  1973  was  thè 
high  number  of  weeds  as  a  consequence  of  thè  tremendous  rainfall  which 
was  discussed  earlier.  This  fact  which  was  explained  with  thè  new  sprouting 
of  weeds  in  July  is  verified  by  thè  relatively  small  amount  of  weeds  in  1973. 
Generally,  more  than  one  third,  42  of  thè  investigated  herbicides  showed  more 
than  50%  reducing  effect  as  regards  thè  number  of  weeds  and  their  weight 
decreased  to  thè  same  extent  by  more  than  half  (56)  in  thè  108  preparations. 
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These  reinforce  our  point  of  view  expressed  earlier  (Kecskés — Elek  — 
Borbély — Borbély  1972/a)  that  beside  registering  thè  number  of  weeds 
thè  individuai  number  of  weed  species,  it  is  absolutely  necessary  to  measure 
thè  weight  of  thè  weed  phytomass  too,  because  only  in  this  way  is  it  possible 
to  survey  and  evaluate  properly  thè  increasing  or  decreasing  effect  of  herbicides 
on  thè  biological  production  of  culture  plants  and  their  reducing  effect  on  thè 
weed  phytomass. 

The  preparations  were  evaluated  separately  already  with  thè  aid  of  thè 
data  of  Table  4,  5  and  6  and  other  results  on  thè  biological  production  of 
Lupinus  species  (Kecskés — Elek — Borbély,  I.  and  Borbély,  F.  1972a) 
When  such  a  large  number  of  pesticides  is  applied,  itis  worthwhile  to  compare 
thè  different  chemical  groups  containing  nearly  thè  same  number  of  prepara¬ 
tions  on  thè  basis  of  thè  effect  on  thè  culture  and  weed  species.  Although 
thè  data  of  three  different  years  is  given,  we  may  he  able  to  obtain  useful  infor- 
mation  on  thè  groups  having  thè  same  or  similar  active  ingredients. 

From  Figs  4  and  5  it  is  apparent  that  from  thè  two  species  belonging 
to  thè  same  genus,  thè  L.  albus  was  less  sensitive  to  thè  investigated  herbicides 
We  have  already  discussed  thè  deviating  sensitivity  of  thè  two  species  to  thè 
same  herbicides  (Borbély,  J. — Borbély,  F. — Elek — Kecskés,  1972)  Kecs¬ 
kés — Borbély,  J. — Borbély  F.— Kecskés,  M.  1975). 
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Fig.  4.  Lupin  biologica!  production  and  weed  control  effect  of  different  chemical  groups 
of  herbicides  I.  (Average  of  preparations  in  %  of  control  without  hoeing) 
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Fig.  5.  Lupin  biological  production  and  weed  control  effect  of  different  Chemical  groups 
of  herbicides  II.  (Average  of  preparations  in  %  of  control  without  hoeing) 


Comparing  carbamide  and  triazine  derivatives  and  herbicide  combi- 
nations  (Fig.  4)  gave  almost  thè  same  results  with  respect  to  thè  number  and 
weight  of  weeds.  Perhaps  only  thè  higher  decreasing  effect  of  triazines  on  thè 
number  of  weeds  could  be  mentioned. 

As  regards  thè  culture  plants,  it  seems  that  both  from  a  sensitivity 
(individuai  number)  and  biological  production  (seed)  points  of  view  generally 
thè  carbamide  derivatives  are  more  favourable  for  L.  albus  and  thè  triazine- 
rather  to  L.  luteus.  Comparing  these  groups  with  thè  herbicide  combinations 
having  more  different  active  ingredients  and  to  a  small  extent  containing 
active  ingredients  of  both  mentioned  groups  some  decreasing  effect  of  thè 
combinations  was  observed.  As  it  can  be  seen  thè  combinations  (containing 
generally  two,  but  in  one  case  three  herbicide  components)  in  thè  applied 
doses  and  soil  types  and  thè  given  experimental  conditions  did  not  prove  to 
be  better,  than  thè  herbicides  with  single  active  ingredients  either  in  increasing 
thè  culture  plant  production  or  in  thè  weed  phytomass-decreasing  effect. 

As  it  is  well-known  nowadays  thè  tendency  in  thè  chemicalization  of 
agricultural  practice  is  to  form  well-selected  3,  4,  5  active  ingredients  contain¬ 
ing  herbicide  combinations  having  a  synergetic  effect.  In  our  investigations 
we  tested  only  15%  combinations  and  mainly  85%  herbicides  containing 
only  one  active  ingredient  because  we  wanted  to  study  thè  effect  of  thè  indi¬ 
viduai  preparations  to  obtain  detailed  and  isolated  data  on  single  herbicides 
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for  thè  further  selection  and  right  choice  of  suitable  combinations  for  lupin 
cultures. 

Analysing  thè  data  of  Fig.  5,  thè  decreasing  tendency  of  thè  phenoxy 
derivatives  and  their  phytotoxicity  to  thè  culture  plants  becomes  evident. 
As  regards  thè  weed  control  effect,  thè  contact  herbicides  consisting  of  more 
different  Chemical  groups  proved  to  be  relatively  good,  but  thè  comparison 
of  their  effect  on  some  groups  of  systemic  herbicides  is  not  realistic  because 
of  their  small  number  (8,  10).  This  concerns  thè  generai  evaluation  of  thè  carba- 
mates  which  seems  to  be  favourable  for  L.  albus  and  anilides  for  L.  luteus. 

It  has  to  be  stressed  that  beyond  these  generai  observations  and  principal 
statements  thè  individuai  assessment  of  thè  effects  and  applicability  of  thè 
single  herbicides)  including  thè  combinations  too)  means  a  decided  progress 
in  this  problem  from  a  practical  point  of  view  too. 

Mainly  Linuron  50  and  thè  linuron  containing  Afalon  and  thè  A  2591 
proved  to  be  promising  for  both  Lupinus  species,  Karmex  for  L.  albus  and 
Venzar  (lenacil)  and  one  combination  Camparol  1803  (prometryne  -f~  simazine) 
of  thè  108  herbicide  preparations  investigated  by  us  in  a  selection  experimental 
series. 

This  does  not  mean  that  quite  a  lot  of  thè  studied  herbicides  would  not 
be  utilizable  in  thè  lupin  culture-ecosystems  formed  on  thè  slightly  acid  brown 
forest  soil  of  thè  main  lupin-growing  area  of  Hungary  (Nyirség)  or  in  other 
places  inspite  of  their  great  sensitivity  to  herbicides  or  in  other  places  reported 
by  many  authors  (Borbély  and  Kecskés  1972). 
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PLANTAS  NUEVAS  EN  CUBA  Y. 

Por 
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(Received  November  3,  1976) 


The  present  study  is  thè  fifth  continuation  of  thè  series  “New  plants  in  Cuba 
I  —  IV.”,  and  contains  thè  descriptions  of  44  new  taxa  and  revisions  of  some  poly- 
morphic  or  criticai  species.  The  new  taxa  are:  Orchidaceae:  Epidendrum  (1  sp.);  Piperà - 
ceae:  Piper  (1  sp.);  Polygonaceae :  Coccoloba  (1  sp.,  1  var.);  Mimosaceae :  Pithecello- 
bium  (1  ssp.);  Caesalpiniaceae  :  Cassia  (2  sp.),  Caesalpinia  (1  ssp.);  Fabaceae:  Brya 
(1  sp.);  Erythroxylaceae :  Erythroxylon  (4  sp.);  Rutaceae:  Ravenia  (1  sp.);  Euphorbia- 
ceae:  Acidocroton  (1  sp.),  Moacroton  (1  var.),  Bonania  (2  sp.);  Buxaceae :  Buxus  (2  sp.); 
Aquifoliaceae :  Ilex  (1  sp.);  Celastraceae :  Crossopetalum  (1  sp.);  Sapindaceae :  Thouinia 
(2  sp.);  Rhamnaceae:  Rhamnidium  (1  sp.),  Kanvinskia  (1  sp.);  Clusiaceae :  Rheedia 
(2  sp.,  1  var.);  Flacourtiaceae :  Samyda  (2  sp.);  Thymelaeaceae :  Daphnopsis  (1  var.); 
Symplocaceae :  Symplocos  (1  sp.);  Borraginaceae :  Cordia  (2  sp.);  Verbenaceae:  Callicarpa 
(2  sp.),  Vitex  (3  sp.);  Solanaceae:  Cestrum  (1  sp.,  1  var.);  Gesneriaceae :  Gesneria  (2  sp.) 
Taxonomic  revision  of  thè  follo wing  species  is  contributed:  Coccoloba  coriacea ,  Pithe- 
cellobium  asplenifolium ,  Caesalpinia  bahamensis ,  Rheedia  fruticosa  s.l.  and  R.  ruscifolia 
with  a  new  analytic  key  for  thè  Cuban  species  of  thè  genus  Rheedia. 


Farri.:  Orchidaceae 

Epidendrum  cubincola  Borhidi  sp.  nova 
(E.  polybulbon  auct.  cub.  non  Sw.) 

Pianta  epiphytica,  procumbens,  rhizoma  plerumque  ramificata  et  longe  reptans, 
Tadicibus  elongatis,  flexuosis  glabrisve.  Pseudobulbi  suborbiculares,  vel  breviter  elliptici, 
5  — 10  mm.  longi  et  4  —  7  mm.  lati,  in  sicco  valde  plicati,  bifoliati,  vaginis  mox  fibrose  dissolu¬ 
ti  primum  obtecti.  Folia  patentia,  suborbicularia,  elliptica  vel  late  ovata  basi  breviter  an- 
gustata,  antice  rotundata  et  profunde  excisa  et  breviter  mucronulata,  0.7  — 1.5  cm.  longa 
et  0.5  — 0.8  cm.  lata,  nervis  parallelibus  longitudinalibusque  numerosi  utrinque  prominenti- 
bus  margine  integra  subcoriacea.  Flores  terminales  solitarii.  Bracteae  3,  ovato-lanceolatae, 
apice  acuminatae  et  subulatae,  5  —  7  mm.  longae  et  3  —  5  mm.  latae,  ovario  2  —  3-plo  breviores. 
Flos  2  —  3  cm.  longus,  sepala  oblongo-lanceolata  vel  lineari-lanceolata,  apice  acuta  et  brevi- 
ter  apiculata,  purpureo-brunnea  vel  brunneo-violacea,  apice  flava,  0.8  — 1.4  cm.  longa  et 
1.5 — 2.5  mm.  lata,  petala  linearia  vel  anguste  lineari-oblanceolata,  sepalis  ±  aequilonga, 
0.7  — 1.5  mm.  lata,  apice  acuta,  colore  simillima.  Labelli  unguis  3  —  4  mm.  longus,  margini- 
bus  columnae  brevissime  adnatus,  lamina  orbicularia,  5  —  8  mm.  longa  et  lata,  margine 
integra  et  undulata,  columna  semiteres  glabra,  3  —  4  mm.  longa,  auriculis  juxta  stigma  bene 
evoluti,  triangulo-subulatis  2  —  3  mm.  longis,  apice  breviter  bilobulatis  suffulta.  Ovarium 
glabrum  1.2 — 2  cm.  longum. 

Holotypus:  Acuna  21104;  Prov.  Oriente;  Sierra  Maestra:  Gran  Piedra, 
Santiago  de  Cuba;  Leg.:  Acuna,  Pino  y  Alonso  26.  Sept.  1959.  SV! 
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Specim.  exam.:  Gran  Piedra  in  pluviisilvis  montanis  alt.  cca.  1200 
m.s.m.  Leg.  A.  Borhidi  et  O.  Muniz  25.  Oct.  1969!  —  Sierra  del  Cristal, 
bosque  humedo  en  la  subida  del  Pico  del  Cristal,  Leg.  Alain,  Acuna  et  M. 
López-Figueiras  5656!  2 — 7.  Apr.  1956.  —  Cuchillas  de  Toa;  Bajada  del 
Rio  Pena,  desde  los  charrascos  de  Pena  Prieta,  La  Magdalena,  Toa,  alt.  600  m. 
s.m.  Leg.:  Alain  3866!  30.  Dee.  1953. 

Obs.:  E.  polybulboni  Sw.  (e  Jamaica)  affinis,  quod  pseudobulbis  oblongo- 
ovatis,  2 — 3  cm.  longis,  foliis  oblongo-ellipticis  vel  oblongo-ovatis,  3 — 6  citi. 
longis  et  0,6 — 1,0  cm.  latis,  bracteis  longioribus,  floribus  3 — 4,5  cm.  longis, 
sepalis  1,5 — 2  cm.  longis,  pallide  flavis,  sepalis  aequalibus  albis,  labello  2 — 4 
mm.  longe  unguiculato,  lamina  ipsa  late  ovata,  basi  truncata,  1 — 1,2  cm. 
longa  et  lata,  alba,  ovario  cum  pedicello  2 — 2,5  cm.  longo  sine  dubio  specifice 
differt. 


Fam.:  Piperaceae 

Piper  guanahacabibense  Borhidi  sp.  nova 

Frutex  ramosissimus,  2  — 3  m.  altus.  Rainuli  hornotini  4-angulati,  striati,  nigrescentes, 
vetustiores  costulati,  lenticellis  prominentibus  ±  dense  obtecti,  cortice  eburnei  vel  albi, 
glabri,  ad  nodos  articulati.  Folia  1  —  2  mm.  longe  petiolata,  elliptica,  apice  rotundata,  basi 
brevissime  obtusa  vel  rotundata,  1,8  —  4  cm.  longa,  1  —  2  cm.  lata,  3-nervia  vel  basi  obsolete 
5-nervia,  nervis  principalibus  supra  leviter  impressis  vel  obsoletis,  subtus  tenuiter  prominen¬ 
tibus,  transversalibus  supra  inconspicuis,  subtus  obscure  prominulo-reticulatis,  utrinque 
glaberrima  supra  olivacea  vel  brunnescentia,  subtus  brunnescentia  vel  cinerea,  minutissime 
pellucido-punctata,  chartacea.  Spicae  terminales  2  —  5  cm.  longae,  pedunculi  0,5  —  1  cm. 
longi,  rhachis  angolata,  dense  et  minute  albo-  vel  pallide  ferrugineo-pulverulenta,  0,5  mm. 
crassa.  Flores  0,2  — 0,5  mm.  longe  pedicellati,  pulverulenti;  stiginata  3(  4),  late  obovata, 

horizontaliter  elata,  pulverulenta;  bacca  ovata,  2  mm.  longa,  pulverulenta. 


Holotypus:  Borhidi  27753  SV!;,  Cuba;  Prov.  Pinar  del  Rio,  Peninsula 
de  Guanahacabibes;  in  fruticetis  saxosis  calcareis  aridis  ad  Punta  Holandés. 
Leg.:  A.  Borhidi,  R.  Capote  et  M.  Vales  16.  Dee.  1974;  isotypi  27754  SY! 
et  Bp!* 


Fam.:  Polygonaceae 
Coccoloba  praestans  Borhidi  sp.  nova 

(Coccoloba  coriacea  sensu  Howard  p.p.  Journ.  Arn.  Arb.  30.  1949.  p.  406. 
non  Sagra  FI.  Cub.  11:  184.  1853.) 


Frutex  vel  arbuscula  usque  4  m.  alta.  Rami  teretes  crassi  ad  nodos  puberuli.  Ochreae 
membranaceae  5  —  8  mm.  longae,  breviter  pilosae.  Folia  5  —  8  mm.  longe  petiolata,  petiolis 
patenti-hirsutis  suffulta,  lanceolata  vel  oblonge-lanceolata,  latitudine  2 — 4-plo  longiora  basi 
rotundata  vel  breviter  cordata,  nunquam  amplexicaulia,  antice  sensim  angustata  non  acumi- 

*  SY  :  Herbario  de  la  Academia  de  Ciencias  de  Cuba;  Santiago  de  las  Vegas,  Cuba. 

Bp:  Herbario  del  Museo  de  las  Ciencias  Naturales  Budapest,  Hungria. 
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nata,  acuta  vel  obtusa,  4  —  13  cm.  longa  et  2  — 5  cm.  lata,  nervo  medio  supra  impresso  vel 
ex  sulco  prominulo,  subtus  crasse  prominenti  et  persistenter  hirsuto,  lateralibus  utroque  latere 
9  —  14  supra  applanatis  vel  leviter  iinpressis,  subtus  bene  prominentibus  ante  marginem 
bifurcatis  et  anastomosantibus,  secundariis  utrinque  densissime  reticulato-venosis,  reticulo 
supra  conspicuo,  subtus  prominulo  et  satis  dense  ruguloso  hirsuto,  lamina  supra  glabra, 
subtus  ad  nervos  ruguloso-hirsuta,  rariter  glabrescens,  punctis  impressis  utrinque  carentibus 
vel  rariter  supra  sparsissime  praesentibus,  margine  revoluta,  rigide  coriacea.  Inflorescentia 
terminalis  IO  —  25  cm.  longa,  rhachis  glabra  vel  papillosa,  purpurea,  crassa.  Flores  inasculi 
plerumque  solitarii,  bracteae  ovatae,  0,2  — 0,4  mm.  longae,  ochreolae  membranaceae  0,5  — 
0,7  mm.  longae,  pedicelli  5  —  12  mm.  longi,  purpurei,  glabri.  Perianthium  5  —  7  mm.  longum 
purpureum,  glabrum,  hypanthium  1  —  2  mm.  longum,  lobi  late  ovati,  2,5  —  4,5  mm.  longi  et 

2.5  —  3  mm.  lati.  Stamina  7  —  8;  filamenta  basi  0,5  —  1  mm.  longe  connata,  superne  1,5  —  2,5 
mm.  longa,  rosea  vel  purpurea,  e  lobis  perianthii  non  exserta.  Pedicelli  fructiferi  usque  ad 

1.5  cm.  longi,  baccae  ovatae,  7  mm.  longae,  utrinque  angustatae. 

Holotypus:  Borhidi:  27805  SVI;  Sierra  de  Nipe,  in  charrascosis  montis 
Loma  Bandera  in  alt.  approx.  500  m.s.m.  Leg.  A.  Borhidi  13.  Febr.  1976. 
Isotypus:  Bp! 

Specim.  exam.:  Sierra  de  Nipe:  Punta  Gorda  to  Woodfred,  Shafer 
3543!;  Alto  de  la  Bandera  Leon  et  Alain  19324!;  Leon,  Marie-Victorin, 
Clemente  et  Alain  19758!  M.  Lopez  Figueiras  2031!;  2060!;  Arroyo  Canapu, 
M.  López-Figueiras  1875!  —  Sierra  de  Nipe,  Mayari,  Carabia  3814! 


Coccoloba  coriacea  A.  Rich.  s.  str. 

Frutex  vel  arbor  parva,  usque  7  m.  alta.  Folia  7  —  10  mm.  longe  petiolata,  petiolis 
3  —  4  mm.  crassis,  striatis  glaberrimis  suffulta,  ovata  vel  late  ovata,  basi  profunde  auriculato- 
cordata,  saepe  amplexicaulia,  antice  plerumque  breviter  acuminata  vel  rotundata,  apice  ipso 
obtusa,  10  —  20  cm.  longa,  6  —  11  cm.  lata,  latitudine  1,5  —  2-plo  longiora,  nervo  medio  supra 
appianato  vel  prominulo  subtus  bene  prominenti,  glabro,  lateralibus  utroque  latere  6  —  9 
supra  applanatis,  subtus  prominentibus,  marginem  versus  bifurcatis  et  anastomosantibus 
secundariis  utrinque  densissime  reticulatis,  supra  conspicuis  subtus  levissime  prominulis, 
utrinque  glabris  et  punctis  brunneis  minutis  impressis  dense  praedita,  margine  plana,  coria¬ 
cea.  Inflorescentiae  terminales,  10  —  20  cm.  longae,  rhachis  glabra,  purpurea,  crassa.  Flores 
masculi  plerumque  solitarii,  bracteae  lanceolatae,  acutae,  0,5  mm.  longae,  ochreolae  membra¬ 
naceae,  0,5  mm.  longae,  caducae,  pedicelli  5  —  8  mm.  longi,  purpurei,  glabri.  Perianthium 
5  —  6  mm.  longum,  lobi  obovati,  2,5  — 3,5  mm.  longi  et  1,5  —  2  mm.  lati,  hypanthium  2  —  2,5 
mm.  longum.  Stamina  7  —  8,  filamenta  basi  in  tubum  3  —  4  mm.  longum  connata,  superne 

1,5  — 2,5  mm.  longe  libera,  alba,  e  lobis  perianthii  breviter  exserta. 


Lectotypus:  Prov.  Pinar  del  Rio,  Sierra  de  Caj  albana:  Loma  Preluda 
in  charrascosis.  Leg.:  A.  Borhidi  et  R.  Capote  28.  Jan.  1976.  SV.!  Isolecto- 
typus:  Bp! 


Coccoloba  oligantha  Alain  var.  elliptica  Borhidi  var.  n. 

A  typo  differt:  foliis  ellipticis,  4  8  mm.  latis,  basi  obtusis  vel  breviter  cuneatis. 

Holotypus:  SV.  26071.  Prov.  Oriente,  Región  de  Moa,  Reservación  de 
Cupeyal,  al  NE  de  Guantànamo.  Leg.:  S.  Gantsheff,  Marzo  1966. 
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Fam.:  Mimosaceae 

Pithecellobium  asplenifolium  Griseb.  ssp.  mayarense  Borhidi  ssp.  n. 

A  typo  differt:  foliolis  ellipticis  vel  obovatis,  1  —  1,8  cm.  longis,  0,5  — 1,0  cm.  latis, 
supra  nitidis  et  bullescentibus,  subtus  concaviusculis  et  dense  adpresse  pilosis,  margine  revolu- 
tis,  rhachidibus  foliorum  4  —  8  cm.  longis  (in  typo  2,5  —  5,5  cm.). 

Holotypus:  Cuba;  Sierra  del  Cristal,  Nicaro,  Mayari,  Montes  United 
Fruit.  Leg.:  J.  Acuna  et  Zayas  19663  SV.!  26 — 27.  Mai.  1955. 

Specim.  exam.:  Sierra  del  Cristal:  Charrascos  de  la  falda  del  Pico  Cristal, 
2—7.  Apr.  1956,  Acuna,  Alain  et  Lopez  Figueiras  (5800)!  —  Pinar  de 
Micara,  Leg.:  Alain  et  Lopez  Figueiras  (4637)!,  27.  Dee.  1955.  —  Meseta 
entre  Cabanas  y  Moa,  Leg.:  M.-Victorin,  Clemente  et  Alain  (21691  Leon!) 
Apr.  1943.  —  Sierra  de  Nipe:  Loma  de  San  José,  cerca  de  Woodfred  Pinal 
de  Mayari.  Leg.:  Leon  et  Alain  (17977)!  26.  jul.  1940;  —  Leon,  M.-Yictorin, 
Clemente  et  Alain  (19845)!  6.  apr.  1941.  —  Cayo  La  Plancha,  bosque  humedo, 
alt.  750  m.s.m.;  leg.:  Alain  et  Acuna  (8012!)  21.  apr.  1960. 

ssp.  asplenifolium 

Typus:  Wright  2403!  Cuba  occ.  (?)  —  Cumbre  de  Cayo  Guam  Punta 
Gorda,  Moa;  leg.:  Acuna  (12440!)  Oriente  17.  apr.  1945. 


Fam.:  Caesalpiniaceae 
Cassia  acunae  Borhidi  sp.  n. 

Rami  hornotini  flavo-strigilloso-hirtuli,  stipulae  lineari-subulatae,  4  —  7  mm.  longae, 
flavo-villosae.  Folia  4—5  cm.  longe  petiolata,  14  — 20-juga;  rhachis  eglandulosa,  cum  petiolo 
15  —  25  cm.  longa;  foliola  opposita,  petiolulis  2  —  3  mm.  longis,  oblongo-lanceolata  vel  oblongo- 
ovata,  basi  obtusa,  antice  longe  acuminata,  apice  ipso  obtusiusculo  et  1  —  2  mm.  longe  mucro- 
nulato,  4  —  7  cm.  longa  et  0,8  — 1,5  cm.  lata,  nervo  medio  supra  impresso,  lateralibus  supra 
impressis,  subtus  bene  prominentibus,  utrinque  dense  reticulatis,  reticulo  subtus  prominenti, 
supra  glabra,  nitida,  subtus  adpresse  strigillosa,  chartacea.  Inflorescentiae  corymboso-pani- 
culatae,  corymbi  partiales  pedunculis  1,5  — 2,5  cm.  longis  ad  apicem  confertim  et  subum- 
bellatim  multiflori;  bracteae  persistentes.  Pedicelli  1  —  3  cm.  longi,  f lavo-pubescentes.  Sepala 
2  exteriora  naviculari-ovata,  4  —  5  mm.  longa,  interiora  inaequalia  suborbicularia  usque 
ovata  6  —  8  mm.  longa,  valde  concava,  omnia  margine  pilosa  et  sub  anthesi  reflexa,  in  sicco 
nigrescentia.  Petala  3  —  4  mm.  longe  stipitata,  limbo  suborbiculare  9—11  mm.  longo  et  8  — 10 
mm.  lato,  antice  rotundato,  membranacea.  Stamina  10;  antherae  3  minimae,  lineares,  steriles 
1,5  —  2  mm.  longae,  4  —  5  intermediae  4  mm.  longae  basi  sagittatae,  2  —  3  arcuato-curvatae 
6  —  7  mm.  longae.  Ovarium  arcuatum,  glabrum.  Legumen  compressum,  chartaceum,  glabrum, 
7—10  cm.  longum  et  usque  ad  1  cm.  latuin,  intus  septatum,  extus  irregulariter  contractum. 
Semina  ovata,  nitida,  nigra,  4  mm.  longa  et  3  mm.  lata,  compressa. 

Holotypus:  Cuba;  Prov.  Pinar  del  Rio.  La  Cajalbana,  junto  al  arroyo 
La  Palma.  Leg.:  J.  Acuna,  27.  jun.  1961.  (fior.)  22698  SV!;  isotypi:  SV!  Bp! 
—  Ibidem,  leg.  J.  Acuna  19.  oct.  1950  (fruct.)  16418  SV! 

Obs.:  C.  gundlachii  Urb.  (e  Sierra  de  Nipe  et  Cristal,  prov.  Oriente) 
affinis,  quae  stipulis  lineari-subulatis,  4 — 7  mm  longis,  foliis  2 — 3  cm  longe 
petiolatis,  5 — 10-jugis,  rhachide  6 — 15  cm.  longa,  foliolis  minoribus,  ovatis, 
sepalis  glabris,  floribus  majoribus  bene  differt. 
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Cassia  holguinensis  Borhidi  sp.  n. 
(Cassia  buchii  auct.  cuban.  non  Urban) 


Suffrutex  ramosus,  10  —  20  cm.  altus,  basi  lignescens.  Rami  pilis  flavescentibus,  rigidis, 
adpresse  strigillosi;  stipulis  triangulari-lanceolatis,  3  —  5  mm.  longis,  setaceo-acuminatis, 
longitudinaliter  nervatis.  Folia  petiolis  2  —  4  mm.  longis,  medio  gianduia  scutellata,  cca. 
0,5  — 0,8  mm.  longe  stipitata,  nigrescenti  suffulta,  1,5  —  3  cm.  longa,  foliola  7  —  14-juga,  sessi- 
lia,  basi  unilateraliter  rotundata,  apice  supra  nervum  principalem  breviter  mucronata,  linea¬ 
ria,  leviter  falcata,  5—10  mm.  longa,  1  —  1,5  mm.  lata,  nervo  principali  unilaterali  iuxta 
marginem  obvio,  lateralibus  6  —  8  utrinque  praesertim  subtus  crassiuscule  prominentibus, 
lamina  supra  nervos  et  ad  marginem  ±  sparse  strigillosa,  inter  nervos  minutissime  flavido- 
punctata;  pedunculus  1,5  —  3  cm.  longus,  pilosulus,  4  —  5  mm.  sub  apice  bracteas  triangulari- 
subulatas  1,5  —  2  mm.  longas  gerens  1-florus.  Sepala  exteriora  oblongo-lanceolata,  aristato- 
acuminata,  6  —  7  mm.  longa,  interiora  ovato-oblonga,  apice  subulato-acuminata,  8  —  10  mm. 
longa,  omnia  nervo  medio  dorso  prominulo  et  sparse  strigilloso  suffulta  et  late  membranaceo- 
marginata.  Petala  flava  ±  subaequalia,  obovata,  9  — 11  mm.  longa  et  5  —  7  mm.  lata,  multi- 
nervia,  nervis  reticulato-anastomosantibus.  Stamina  10,  omnia  perfecta,  3  —  4  majora  6  —  7 
mm.  longa,  6  —  7  minora  3  —  4  mm.  longa,  breviter  rostrata,  omnia  1  mm.  longe  stipitata. 
Ovarium  lineare,  dense  adpresse  strigillosum,  Stylus  arcuatus,  ovario  paullo  longior.  Legu- 
mina  sessilia,  2  —  3  cm.  longa,  linearia,  3  —  4  mm.  lata,  apice  breviter  acuminata,  brunnescen- 
tia  et  parce  strigillosa,  intus  dissepimenta  praebentia,  non  reticulo-venosa.  Semina  6  —  9, 
rhombea  vel  rectangularia,  glandulis  impresso-punctata. 


Holotypus:  Cuba;  prov.  Oriente:  Lomas  de  Holguin.  Leg.:  M.  Lopez 
Figueiras  942!  3.  apr.  753.  SV! 

Specimina  examinata:  Prov.  Oriente:  Loma  Pilón,  Holguin;  leg.  M.  Lopez 
Figueiras  1012!  8.  nov.  1953.  —  Prov.  Oriente:  Yuraguanal,  Hacienda  Pesque- 
ro,  Cacocum;  leg.:  H.  Leon  et  J.  Garcia  Castaneda  15690!,  4.  jul.  1932. 
—  Cerro  del  Fraile,  Holguin;  leg.:  H.  Leon,  16296!,  27.  jul.  1935. 

Obs.:  C.  strigillosae  Benth.  affinis,  quae  petiolis  gianduia  sessili  suffultis, 
foliolis  4  —  6  mm.  longis,  postremo  glabris,  epunctatis,  floribus  minoribus 
differt;  C.  buchii  Urb.  a  specie  nostra  ramis  brevissime  pilosis,  foliis  2 — 3.5  cm. 
longis,  foliolis  glabris  et  epunctatis,  sepalis  glabris,  interioribus  apice  obtusis, 
petalis  majoribus,  inaequimagnis,  seminibus  eglandulosis  certe  diversa. 


Caesalpinia  bahamensis  Lam. 

1  a  Pin  as  y  foliolos  sin  estipulas  espiniformes,  pinas  2 — 3  pares,  foliolos 

3 — 6  pares,  obovados  . ssp.  bahamensis 

b  Pinas  con  estipulas  espiniformes,  pinas  3 — 6  pares,  foliolos  6 — 9 
pares,  oblongo-elipticos  o  estrechamente  obovados  .  2 

2  a  Foliolos  brevemente  peciolulados,  sin  estipulas  espiniformes  rectas,  el 

raquis  peloso  a  glabro .  ssp.  rugeliana 

b  Foliolos  subsesiles,  con  estipulas  espinosas  rectas;  el  raquis  puberulo 
a  tomentoso  .  ssp.  orientensis 
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Las  plantas  rugelianas,  colectadas  en  la  zona  costerà  de  la  ciudad  Matan- 
zas,  son  indudablemente  identicas  con  las  de  las  costas  rocosas  de  la  provincia 
Habana,  (recolectadas  varias  veces  por  H.  Leon).  E1  isotipo  de  la  Caesalpinia 
rugeliana  Urb.  en  Herbario  Sauvalle  (Wright  2364,  revisado  por  Urban) 
es  conspicuamente  una  mezcla  de  ejemplares  de  distintas  poblaciones.  Una 
parte  de  las  ramas  son  identicas  con  las  plantas  de  la  zona  costerà  de  las 
provincias  Habana  —  Matanzas,  y  solamente  la  mitad  del  material  tiene  origen 
de  poblaciones  de  Oriente  —  con  gran  probabilidad.  De  està  manera  la  descrip- 
ción  de  Urban  està  basada  en  poblaciones  lejanas,  que  se  distinguen  en  algunas 
caracteristicas,  y  pues  reune  caracteristicas,  que  no  se  encuentran  juntas  en 
las  poblaciones  cubanas.  Nuestra  opinion  es,  que  la  C.  bahamensis  Lam.  sensu 
Britton  es  una  especie  bastante  variable,  que  se  segrega  en  varias  razas  geogrà- 
ficas  mas  o  menos  bien  definidas.  Estas  son  las  siguientes: 


ssp.  rugeliana  (Urb.)  Borhidi  comb.  et  status  n. 
(Basionym:  Caesalpinia  rugeliana  Urban  Symb.  Ant.  2.  1901.  p.  199.) 


Folia  sub  pinnarum  insertione  plerumque  aculeis  geminis  vel  solitariis  obsita,  3-6- 
juga,  foliolis  6  — 9-jugis,  inermibus,  anguste  obovatis  vel  oblongis,  1  —  2  rnm.  longe  petiolula- 
tis,  rhacbide  subglabra  vel  sparse  pilosula. 

Wright  2364  in  Herb.  Sauv.  p.p.!  Lectotypus:  Cuba,  Prov.  Habana; 
Playa  de  Marianao;  leg.  H.  Leon  5628!  16.  sept.  1915.  SV. 


ssp.  orientensis  Borhidi  ssp.  n. 

Folia  sub  pinnarum  insertione  aculeata,  foliolis  6  —  9-jugis  stipellis  spiniformibus  rec- 
tis,  1  —  3  inm.  longis  suffultis,  subsessilibus  basi  et  nervo  medio  subtus  puberulis,  rhachide 
pubescenti  vel  tomentosula. 

Wright  2364  in  Herb.  Sauv.  p.  p.!  Holotypus:  Cuba;  Prov.  Oriente; 
manigua  costerà  en  las  cercanias  del  aeropuerto  de  Santiago  de  Cuba;  leg.: 

M.  Lopez  Figueiras  1142!  14.  mart.  1954.  SV! 

Specimina  examinata: 

ssp.  bahamensis  :  Bahamas:  New  Providence  near  Nassau,  7.  apr.  1904!  leg.: 

N.  L.  Britton;  —  Ibidem,  Curtiss  128!  mart.  —  mai.  1903.  —  Cuba:  Prov. 
Habana;  Santiago  de  las  Vegas,  cultivada,  10990!  SV.  —  Isla  de  Pinos:  Sierra 
de  las  Casas,  28.  apr.  1954.  leg.:  Killip  44166!  SV.  —  Rio  Casas,  Nueva 
Gerona,  3  febr.  1953.  leg.:  Killip  42581!  SV. 

ssp.  rugeliana  (Urb.)  Borhidi:  Prov.  Pinar  del  Rio:  Toscano,  Bahia  Honda; 
leg.:  J.  Acuna  et  J.  T.  Roig  21.  oct.  1951.  23607  SV!  —  Pinar  del  Rio,  leg.: 
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J.  T.  Roig  Herb.  Min.  Agr.  949!,  952!,  leg.:  A.  Fors  Herb.  Min.  Agr.  25!  — 
Remates  de  Guane;  leg.:  J.  Acuna  et  Correl  12.  apr.  1938.  Herb.  Min.  Agr. 
557!  —  Las  Martinas,  leg.:  J.  Acuna  et  J.  T.  Roig  16996!  SV.  —  Peninsula 
de  Guanahacabibes:  Maria  La  Gorda,  leg.:  J.  Acuna  et  F.  Zayas  24.  jul. 
1955.  19864  SV!  —  Isla  de  Pinos,  leg.:  Clara  de  Pinal,  mai.  1967.  26418  SV!  - 
Cerro  Daguilla,  leg.:  Killip,  12.  apr.  1954.  43987  SV.  —  Prov.  Habana: 
Cojimar,  leg.:  Baker,  1.  jul.  1905.  5319  SV!,  5344  SV!.  —  Playa  de  Bacuranao, 
leg.:  H.  Leon  5.  aug.  1909.  1380!,  11.  jul.  1911.  2624!.  —  E1  Salado,  Banes, 
leg.:  H.  Alain  3042!  27.  jun.  1953.  —  Prov.  Las  Villas:  Anton  Recio,  leg.: 
H.  Leon  et  H.  Nestor  11.  apr.  1930.  14316!  —  Santa  Clara,  Rio  Primero  27. 
mart.  1934.  leg.:  H.  Leon  16073!  —  Sabanas  Caimiabo  entre  Sancti  Spiritus 
et  Jibaro  29.  aug.  1950.  leg.:  H.  Alain  1603!  —  Prov.  Camagiiey:  Nuevitas, 
leg.  J.  T.  Roig  23.  febr.  1916.  6486  SV!  —  Sabana  de  Guanamaquilla;  leg.: 
Roig,  Luaces  et  Aranjo,  3.  mai.  1915.  6012  SV!. 

ssp.  orientensis  Borhidi:  Prov.  Oriente:  Central  Manati,  Sabanalamar;  leg.: 
H.  Leon  et  S.  Clark  15732!  6.  jul.  1932.  —  Puerto  Padre;  leg.:  M.  Curbelo 
16995  SV!  —  Playa  Herradura,  Puerto  Padre;  leg.:  Diaz-Piferrer  23.  aug. 
1960.  21409  SV!  —  Monte  cerca  de  Cacocum,  leg.:  H.  Leon  15692!  4.  jul. 
1932.  —  Bahia  de  Nispero,  leg.:  H.  Clemente  6028!  apr.  1948.  —  Bahia  de 
Santiago  de  Cuba:  Cinco  Reales;  leg.:  H.  Leon  et  H.  Pedro  3750!  2.  aug. 
1913.  —  Santiago  de  Cuba,  leg.:  H.  Chrysogone  7517!  febr.  1951.  —  Camino 
del  Morro,  Santiago  de  Cuba,  leg.:  H.  Clemente  2909!  jul.  1943.  —  Ibidem, 
H.  Leon  et  Dahlgren  22895!  19.  mai.  1947.  —  Renté,  Santiago  de  Cuba, 
leg.:  H.  Hioram  2043!  30.  jul.  1918.  —  Ibidem,  H.  Clemente  2760!,  H.  Cle¬ 
mente  sine  numero  nov.  1932.  H.  Leon  9800!  —  Imias,  leg.:  H.  Leon  12261! 
17.  jul. — 4.  aug.  1924. 


Fam.:  Fabaceae 
Brya  hirsuta  Borhidi  sp.  n. 

(Brya  huxifolia  auct.  Florae  Cuh.  non  Urban) 

Frutex  usque  ad  2  —  3  m.  altus;  ramuli  dense  et  adpresse  hirsuti,  aculeis  recurvis, 
1  —  2  mm.  longis;  folia  alterna  vel  fascicolata,  0,5  mm.  longe  petiolata,  elliptica,  suborbicu- 
laria  vel  late  obovata,  basi  apiceque  rotondata,  2  —  5  mm.  longa  et  1,5  —  3  mm.  lata,  sopra 
pilis  erectis  glandolosis  patenti-hirtula,  sobtus  pilis  sericeis  longioribus  adpresse  strigoso- 
pubescentia.  Flores  laterales  solitarii  vel  2  —  4  fascicolati,  pedicelli  2  —  6  mm.  longi,  patente 
hirsuti  vel  villosuli.  Bracteae  et  prophylla  linearia,  hirsuta,  2  mm.  longa.  Calyx  4,5  —  5  mm. 
longus,  sericeo-villosus,  lobi  2—2,5  mm.  longi,  tubo  ±  aequilongi,  inter  sese  leviter  inaequi- 
magni,  ovati  vel  inferiores  lanceolati,  omnes  acuti  et  acuminati,  utrinque  hirsuti  vel  villosuli. 
Petala  aurantiaca  vel  ochracea.  Yexillum  8  10  mm.  longum  et  5  —  6  mm.  latum,  limluis 

ipse  suborbicularis,  7  —  8  mm.  longus  et  5  —  6  mm.  latus,  carina  alis  ±  aequilonga,  limbo 
8  —  9  mm  longo,  unguiculum  4  — 5-plo  superante.  Androeceum  9  10  mm.  longum,  gynoeceum 

cum  stylo  11  —  12  mm.  longum.  Legumen  suborbiculare,  parte  inferiore  truncatum,  1-2- 
articulatum,  breviter  stipitatum,  8  17  mm.  longum,  dense  albo-hirsutum. 
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Holotypus:  Cuba;  prov.  Oriente.  In  fruticetis  spinosis  serpentinosis  ad 
Ceja  de  Melones  inter  pag.  Santa  Lucia  et  Holguin.  Leg.:  A.  Borhidi  14.  febr. 
1976.  27800  SY!;  isotypi:  27799  SV!  et  Bp! 

Specimina  examinata:  Prov.  Oriente:  Cerro  Galano,  La  Palina,  Holguin; 
leg.:  A.  Borhidi,  R.  Capote  et  Ramóna  Oviedo,  25.  sept.  1975!  —  Sierra  de 
Nipe:  Rio  Piloto  in  alt.  approx.  800  m.s.m.;  leg.:  A.  Borhidi,  R.  Capote  et 
Ramona  Oviedo  6.  sept.  1974!  —  Sierra  de  Nipe:  Charrascal  de  la  Cueva; 
leg.:  H.  Leon  et  H.  Marie-Victorin  1942! 

Obs.:  Foliorum  forma,  magnitudine  et  indumento  B .  buxifoliae  Urb. 
(ex  insula  Hispaniolae)  affinis,  a  qua  floribus  majoribus,  vexillo  8—10  mm. 
longo,  carina  alis  subaeqilonga,  atque  androeceo  gynoeceoque  2 — 3-plo  longiore 
omnino  differt. 


Fam.:  Erythroxylaceae 

Erythroxylon  horridum  Borhidi  et  Oviedo  sp.  n. 

Frutex  ramosissimus  usque  ad  1  m.  altus.  Rami  teretes,  circumcirca  dati,  rigidissimi, 
depressi,  cortice  griseo  praediti,  apice  attenuati,  in  fasciculos  stipularum  excurrentes,  poste- 
rius  spiniformi-pungentes.  Ramuli  primi  ordinis  subrectangulariter  patentes,  numerosissimi, 
valde  approximati,  2  -5  cm.  longi,  apice  attenuati,  spinescentes,  ramuli  secundarii  et  tertii 
ordinis  brevissimi,  teretes,  rigidi,  apice  conferte  foliosi.  Folia  minima,  petiolis  0,5  1  mm. 

longis,  albido-pulverulentibus  suffulta,  suborbicularia,  ovata  vel  late  elliptica,  apice  rotun- 
data  et  breviter  emarginata,  basi  rotundata  vel  obtusa,  4  —  7  mm.  longa  et  3  —  5  mm.  lata, 
utrinque  reticulato-venosa,  glabra,  supra  viridia,  in  sicco  nigrescentia,  subtus  glaucescentia, 
utrinque  opaca,  chartacea.  Stipulae  persistentes,  triangulares,  1  mm.  longae,  acutae  et  longe 
apiculatae,  margine  meinbranaceae  et  fimbriatae,  ferrugineo-brunneae.  Flores  in  apice  ramo- 
rum  secundi  et  tertii  ordinis  terininales  vel  subterminales,  solitarii,  5-meri.  Pedicelli  1  —  2 
mm.  longi,  5-angulati,  apicem  versus  valde  incrassati.  Calyx  usque  ad  4/5  partitus,  lobi  tri¬ 
angulares  0,5  0,6  mm.  longi,  albo-marginati,  apice  obtusi,  leviter  inaequilongi.  Petala  1  —  1,5 

mm.  longa,  lamina  ovata,  late  membranaceo-marginata,  pallide  lutea,  1/4  longit.  lanini,  late 
unguiculata,  ligula  majuscula  instructa,  auriculae  laterales  integrae  lobulo  commissurali 
brevi  aequilongae.  Stamina  10,  exserta,  usque  ad  2  mm.  longa;  urceolus  stamineus  calyce 
dimidio  brevior.  Ovarium  urceolo  i  aequilongum,  ovatuin,  triquetrum,  stigmata  minuta 
subsessilia,  styli  brevissimi  crassi.  Drupa  4  5  mm.  longa,  2,5  mm.  in  diam.,  oblongo-ellipsoi- 

dea,  manifeste  3-gona,  apice  breviter  apiculata,  obtusiuscula. 


Holotypus:  Cuba;  prov.  Oriente.  In  fruticetis  serpentinosis  aridis  ad 
Ceja  de  Melones,  prope  opp.  Holguin;  leg.:  A.  Borhidi,  R.  Capote  et  Ramona 
Oviedo  24.  sept.  1975.  27791  SV!,  isotypus:  Bp! 

Obs.:  E.  spinescenti  A.  Rich.  habitu  affinis,  quod  ramis  hornotinis 
lucide  brunneis,  foliis  obovatis,  majoribus,  basi  cuneatis,  floribus  axillaribus 
1 — 3,  majoribus,  stylis  tenuibus,  fructibus  majoribus,  6-angulatis  omnino 
differt.  E.  echinodendron  Ekman  (ex  descr.)  foliis  lucidis,  crasse  coriaceis, 
subtus  ferrugineis,  stipulis  minoribus  atque  floribus  fructibusque  certe  diversum. 
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Erythroxylon  clarense  Borhidi  sp.  n. 

Frutex  ramosus,  1  —  2  m.  altus.  Rami  hornotini  brunnei,  glabri,  angulati,  vetustiores 
teretes,  grisei,  striati.  Stipulae  dense  obsitae,  triargulares,  apice  tridentatae.  Folia  12  mm. 
longe  petiolata,  elliptica  vel  leviter  obovata,  1  —  2,5  cm.  longa  et  0,5  — 1,3  cm.  lata,  apice 
rotundata  et  emarginata,  basi  obtusa,  utrinque  reticulato-venosa,  venis  supra  prominnlis, 
subtus  conspicuis,  lamina  supra  nitidula,  subtus  opaca  et  inter  nervos  albo-punctata,  sub- 
chartacea.  Flores  in  axillis  stipularum  solitarii,  subsessiles,  Calycis  lobi  0,7—1  mm.  longi, 
acuminati  et  acuti,  usque  ad  1/2-  1/3  longitudinis  incisi.  Petala  obovata,  1/3  longe  unguicu- 
lata,  1,5-  2  min.  longa,  ligulae  in  alt.  1/3  insertae,  anticae  posticis  2-plo  longiores,  posticae 
lobulo  inflexo  tenuissimo  conjunctae;  urceolus  stamineus  calyce  brevior.  Stamina  0.5  mm. 
longa,  ovarium  urceolo  manifeste  brevius,  ovatum;  Stylus  1  mm.  longus. 

Holotypus:  Cuba;  prov.  Las  Villas.  Sierra  de  Escambray,  en  la  cresta 
rocosa  del  Pico  Potrerillo,  alt.  930  m.s.m.;  leg.:  H.  Alain  6691!  2.  apr.  1959. 

Specim.  exam.:  Sierra  de  Escambray:  subida  a  Buenos  Aires,  San  Blas. 
Leg.:  J.  Acuna  et  J.  Roig  24269  SV! 

Obs.:  E.  alaternifolio  A.  Rich.  affinis,  quod  foliis  coriaceis,  utrinque 
nitidis  statim  discernendum  est. 


Erythroxylon  baracoense  Borhidi  sp.  n. 

Frutex  2  —  3  m.  altus.  Rami  hornotini  brunnei,  glabri,  vetustiores  cinereo-ferruginei, 
lenticellis  longitudinaliter  oblongis,  suberosis,  valde  prominenti  bus  verrucosi.  Folia  1  —  5  mm. 
longe  petiolata,  obovata  vel  elliptica,  antice  rotundata  et  valde  emarginata,  basi  obtusa  vel 
rotundata,  2  —  5  cm.  longa  et  1,5  — 3,5  cm.  lata,  nervo  medio  supra  profunde  impresso,  subtus 
carinato-prominenti,  lateralibus  utrinque  prominentibus  et  densissime  reticulatis,  lamina 
utrinque  nitida,  glabra,  supra  in  sicco  olivaceo-brunnea,  subtus  ferruginea  et  minutissime 
ferrugineo-punctata,  in  areolis  nervorum  tuberculis  puncti-  et  bacilliformibus  prominnlis 
suffulta,  rigide  coriacea.  Stipulae  persistentes  1  —  1,5  mm.  longae.  triangulares,  apice  acumi- 
natae  et  longe  bidentatae,  dentibus  caducis.  Flores  3  —  4  mm.  longe  pedicellati,  solitarii. 
Calyx  0,7—1  mm.  longus,  lobi  usque  ad  dimidium  incisi,  triangulares  et  acuti.  Petala  oblongo- 
elliptica,  apice  acutiuscula,  1,5  mm.  longa,  usque  ad  2/3— 3/5  longitudinis  laminae  unguicu- 
lata,  ligula  in  3/5  longit.  lam.  instructa;  auriculae  laterales  anticae  posticis  3-plo  longiores, 
posticae  lobulo  inflexo  minuto  conjunctae.  Flores  dolichostyli :  urceolus  stamineus  calyce 
paullo  brevior,  filamenta  brevissima,  0,2  mm.  longa,  antherae  rudimentariae  0,1— 0,2  mm. 
longae.  Ovarium  1  —  1,2  mm.  longum,  obovatum,  urceolum  1,5-plo  superans.  Stylus  subnullus; 
stigmata  horizontaliter  lobulata.  Drupa  4-angulata,  6  —  7  mm.  longa,  2  —  3  mm.  in  diam. 
oblonga,  breviter  apiculata. 

Holotypus:  Cuba;  prov.  Oriente:  in  summo  montis  calcarei  Yunque 
de  Baracoa.  Leg.:  M.  Lopez  Figueiras  27.  jul.  1960.  UO  2292  SY! 

Specim.  exam.:  Yunque  de  Baracoa,  leg.:  H.  Alain  et  J.  Acuna  7527! 
758!  14.  jan.  1960.  —  Ibidem,  leg.:  H.  Alain  et  M.  Lopez  Figueiras  7175,! 
7221!  2.  jan.  1960. 


Erythroxylon  flavicans  Borhidi  sp.  n. 

Frutex  2  —  3  m.  altus,  valde  ramificatus.  Rami  hornotini  flavicantes  vel  brunnei, 
glabri,  vetustiores  cinerei,  striati.  Folia  1  —  2  mm.  longe  petiolata,  obovata,  antice  rotundata 
vel  truncata,  apice  emarginata,  basi  cuneata  vel  obtusiuscula,  0,7  — 1,5  cm.  longa  et  4  —  9 
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min.  lata,  nervo  medio  supra  impresso,  subtus  prominenti,  lateralibus  supra  obsoletis,  plerum- 
que  non  reticulatis,  subtus  levissime  prominulis  et  obsolete  reticulatis,  lamina  supra  in  sicco- 
olivaceo-viridis  vel  canosa,  subtus  pallide  flava  in  areolis  venarum  minute  flavopunctata, 
utrinque  opaca,  glabra,  rigide  coriacea.  Stipulae  persistentes,  usque  ad  1  min.  longae,  late 
triangulares,  apice  inucronatae.  Flores  1  —  2,  axillares,  pedicelli  1  —  2  mm.  longi,  lobi  calycis 
0,7  mm.  longi,  triangulares,  acuti,  1/2  2/3  longit.  incisi.  Petala  oblongo-elliptica,  2  2,3 

mm.  longa,  1/3  — 2/5  longit.  unguiculata,  ligulae  in  1/3  — 2/5  altit.  insertae,  anticae  posticis 
2-plo  longiore,  posticae  perfecte  separatae.  Urceolus  stamineus  calyce  aequilongus,  filainenta 
0,2  mm.  longa,  staminodia  0,2  mm.  in  diain.,  orbiculares.  Ovarium  obovatum  1,7  —  2  mm. 
longum.  Styli  3,  0,2  — 0,3  mm.  longi,  horizontaliter  elati  stigma  obovatum  vel  orbiculare. 
Fructus  non  pieno  maturus  4  —  5  mm.  longus  et  2  mm.  latus. 


Holotypus:  Cuba;  prov.  Oriente:  Sierra  del  Cristal;  in  fruticetis  seinper- 
virentibus  serpentinosis  montanis  Mt.  Saca  Lengua  in  alt.  approx.  650  m.s.in., 
leg.:  A.  Borhidi,  M.  Yales  et  Ramona  Oviedo  11.  apr.  1976.  27819  SY!; 
isotypus:  Bp! 

Obs.:  Species  proxima  E.  dumosum  Alain  (e  Sierra  de  Nipe)  a  specie 
nostra  foliis  duplo  majoribus,  nervis  lateralibus  utrinque  prominentibus  et 
reticulatis,  floribus  sessilibus,  petalis  obovatis,  filamentis  multo  longioribus 
dare  differt. 


Fani.:  Rutaceae 

Ravenia  baracoensis  Borhidi  et  Muniz  sp.  n. 

Frutex  vel  arbor  parva,  usque  ad  5  —  6  m.  alta.  Rami  hornotini  anguiosi,  sulcati, 
breviter  et  adpresse  ferrugineo-puberuli,  vetustiores  teretes,  striati,  lenticellis  prominentibus 
obsiti.  Folia  5  —  15  mm.  longe  petiolata,  petiolis  supra  profunde  sulcatis,  ±  puberulis  suffulta, 
simplicia,  obovata  vel  late  elliptica,  basi  cuneata  et  in  petiolum  protracta,  apice  acuta  et 
mucronata,  breviter  acuminata,  rariter  obtusa,  4  —  11  cm.  longa  et  2  —  4,5  cm.  lata,  nervo 
medio  supra  impresso,  subtus  crassiuscule  prominente,  lateralibus  utroque  latere  6  —  9  supra 
non  vel  vix  conspicuis,  subtus  tenuiter  prominulis  vel  obsoletis,  ante  marginem  conjunctis, 
lamina  supra  glandulis  impressis  dense  minuteque  nigro-punctata,  subtus  glandulis  vix  pro¬ 
minulis  mox  evanescentibus  obsita,  supra  glaucescens,  subtus  brunnescens,  utrinque  opaca, 
margine  tenuiter  revoluta,  coriacea.  Inflorescentiae  terminales  1  —  3-florae,  pedunculus  usque 
ad  5  cm.  longus,  adpresse  strigillosus.  Prophylla  1—2  mm.  longa,  puberula,  pedicelli  5  —  20 
mm.  longi.  Sepala  2  exteriora  oblongo-triangularia  vel  oblongo-ovata,  apice  obtusa,  10—14 
mm.  longa  et  basi  3  —  5  mm.  lata,  dense  glandulosa,  in  fructu  non  accrescentia;  interiora 
2  orbicularia,  3  —  4  mm.  longa,  glanduloso-punctata,  ad  marginem  membranacea  et  pilosa. 
Corolla  2,5  —  3  cm.  longa,  purpurea,  glanduloso-punctata;  tubus  15  mm.  longus,  superne 
sensim  ampliatus;  lobi  5,  obovati,  antice  rotundati,  tubo  quasi  aequilongi.  Antherae  2,  sub- 
sessiles,  filamentis  brevissimis,  longitudinaliter  connatis,  apice  bilobatis  suffultae,  oblongo- 
ellipticae,  3  —  4  mm.  longae,  connatae.  Staminodia  3,  arcuata,  linearia,  2  —  3  mm.  longa. 
Stylus  tubo  i  aequilongus,  cylindricus,  apice  inaequaliter  5-lobatus.  Carpella  5,  elevatim 
nervosa,  7-  9  mm.  longa,  nigro-punctata.  Semina  singula  in  quoque  carpello,  subreniformia, 
nigra,  opaca,  4  mm.  longa,  spinuloso-tuberculata. 

Holotypus:  Cuba;  prov.  Oriente.  “En  charrascales  de  la  ‘Ermita’  al 
Este  de  Yunque  de  Baracoa.”  Leg.:  H.  Alain,  J.  Acuna  et  J.  Ramos  7573, 
15.  jan.  1960.  SVI,  isotypi:  SV! 

Specim.  exam.:  Charrascal  junto  a  la  carretera  de  Quibijàn,  Via  Mulata, 
Baracoa.  Leg.:  H.  Alain  et  M.  Lopez  Figueiras  7266,  3.  jan.  I960.!;  —  La 
Ermita,  Baracoa;  leg.:  E.  Del-Risco  2.  febr.  1973.  27412  SY! 
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Obs.:  R.  simplicifoliae  Wr.  in  Wils.  affinis,  quae  foliis  oblongo-ellipticis, 
utrinque  lucidis,  sepalis  majoribus,  ovatis  vel  late  ovatis,  7 — 10  mm.  longis, 
antheris  non  connatis  certe  specifice  differt. 


Fani.:  Eupliorbiaceae 

Acidocroton  acunae  Borhidi  et  Muniz  sp.  n. 

Frutex  spinosus.  Rami  hornotini  brevissime  adpresseque  pilosi,  vetustiores  dense 
tuberculati.  Spinae  stipulares  divaricatae,  rectae,  7  — 15  mm.  longae.  Folia  0,5  1  mm.  longe 

petiolata,  obovata  vel  obovato-spathulata,  interne  longe  angustata,  antice  rotundata,  2  —  5 
mm.  longa  et  1  —  3  mm.  lata,  nervo  medio  supra  impresso  vel  inconspicuo,  subtus  tenuiter 
prominulo,  pilis  parcis  obtecto,  postremo  glabro,  lateralibus  utrinque  nullis,  lamina  supra 
nitidula  et  leviter  plicatula,  rigide  coriacea.  Flores  masculi  e  pulvinulis  lateralibus  terminali- 
busque  1  — 4-natim  prodeuntes;  pedicelli  3  —  5  mm.  longi.  Sepala  5  —  6,  sublibera,  in  aestiva- 
tione  aperta,  elliptica,  margine  dense  cibata,  cca.  1  mm.  longa.  Petala  5,  valde  cochleatim 
imbricata,  orbiculari-ovata,  apice  rotundata,  2,5  mm.  longa  et  lata,  margine  recurva,  minute 
pilosa,  chartacea.  Receptaculum  leviter  convexum.  breviter  et  densissime  rufo-pilosum.  Sta¬ 
mina  16,  per  totam  superficiem  receptaculi  pluriseriatim  inserta,  filamenta  0,3  — 0,6  mm. 
longa,  antherae  erectae,  1  mm.  longae,  lanceolatae,  apice  acutae;  ovarii  rudimentum  nullum. 
Flores  feminei  ex  pulvinis  supremis  1  —  3;  pedicelli  4—6  mm.  longi,  superne  incrassati.  Sepala 
libera,  in  aestivatione  aperta,  basi  inter  sese  tangentia,  linearia  vel  oblongo-oblanceolata, 
integra  vel  acute  dentata  vel  lobulata,  4—6  mm.  longa,  fructibus  ±  aequilonga,  0,7 — 1  mm. 
lata.  Discus  annularis  dense  pilosus.  Ovarium  ovale,  parce  adpresse  pilosum.  Styli  3,  basi 
connati,  ceterum  liberi,  carnosi,  lineares,  1,5  —  2  mm.  longi,  apice  bifidi,  lobis  bifurcatis, 
lobulis  ellipticis,  obtusis.  Capsula  globosa,  plerumque  glabra.  4  —  6  mm.  longa. 

Holotypus:  Cuba;  prov.  Las  Villas:  Sabana  al  Sur  de  Santa  Clara.  Leg.: 
J.  Acuna  et  Alonso  26.  aug.  1953.  18869  SY! 

Specim.  exam.:  Prov.  Las  Villas:  Sabana  de  Motembo;  leg.:  H.  Leon 
et  H.  Roca  8210!  10.  aug.  1918.  —  Ibidem,  H.  Leon  et  A.  Loustalot  9321! 
10.  aug.  1920. 

Obs.:  A.  oligostemoni  Urb.  (ex  Oriente  meridionali)  affinis,  qui  foliis 
majoribus,  petalis  masculinis  margine  glabris,  staminibus  uniseriate  dispositis, 
sepalis  femineis  obovatis  vel  spathulatis,  2 — 4  mm.  longis,  capsula  dimidio 
brevioribus,  capsulis  majoribus  differt. 


Bonania  suborbiculata  Borhidi  et  Urbino  sp.  n. 

Frutex  1  —  2  m.  altus,  inermis,  glaber.  Rami  hornotini  in  sicco  angulati,  brunnei, 
nitidi,  transversim  striati.  Stipulae  ovato-orbiculares  vel  late  triangulares,  adpressae,  rigidae, 
coriaceae,  postremo  nigrae,  1  —  1,5  mm.  longae.  Folia  1  mm.  longe  petiolata,  petiolis  supra 
planis,  1  mm.  latis  suffulta,  orbicularia  vel  orbiculari-obovata,  basi  rotundata,  subcordata 
vel  truncata,  apice  rotundata  vel  truncata,  semper  profunde  emarginata  et  mucronulata, 
1  —  2  cm.  longa  et  0,8  — 1,8  cm.  lata,  nervo  medio  supra  inferne  leviter  impresso,  superne 
appianato  et  evanescenti,  lateralibus  utroque  latere  4  —  6,  supra  nullis,  subtus  obsoletis, 
margine  utroque  latere  glandulis  minutis  5—  8-denticulata,  tenuiter  recurva,  lamina  supra 
nitidula,  viridis,  subtus  pallida,  flavicans,  chartacea.  Inflorescentiae  masculinae  axillares  vel 
basi  ramorum  hornotinorum  laterales,  3  —  4  mm.  longae  et  2,5  —  3  mm.  in  diam.;  bracteae 
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triangulares,  usque  ad  1  mm.  longae,  1  —  2-florae.  Calyx  purpureus,  1  mm.  longus,  breviter 
2  —  3-lobatus;  stamina  3,  sessilia,  antherae  breviter  exsertae.  Flos  femineus  ad  basim  inflo- 
rescentiae  masculinae  vel  in  axillis  foliorum  solitarius.  Calyx  3-lobatus,  lobi  calycis  orbicular- 
obovati,  apice  rotundati  et  abrupte  subulato-mucronati.  Capsula  depresse  globosa,  5  —  6  mm, 
alta  et  8  —9  mm.  in  diam.,  glabra,  brunnea,  3-costata.  Semina  3  mm.  in  diam.,  globosa, 
cinereo-brunnea,  marmorata. 


Holotypus:  Prov.  Oriente:  in  fruticetis  sempervirentibus  serpentinosis 
montis  Cerro  Galano  prope  opp.  Holguin,  alt.  250  m.s.m.;  leg.:  A.  Borhidi, 
R.  Capote  et  Ramona  Oviedo  25.  sept.  1975.  27806  SV!.  Isotypi:  27807  SV! 
et  in  Bp! 

Obs.:  B.  nipensi  Urb.  et  Ekm.  affinis,  quae  foliis  obovatis  vel  obovato- 
ellipticis,  2  —  3.5  cm.  longis  et  1  —  2.5  cm.  latis,  nervis  lateralibus  8 — 11,  subtus 
prominentibus  et  anastomosantibus,  fructibus  majoribus  differt. 


Bonania  acunae  Borhidi  sp.  n. 


Frutex  rainosus;  rami  hornotini  angulato-striati,  brunnei,  glabri.  Folia  1,5  —  4  mm. 
longe  petiolata,  petiolis  nigris,  glabris,  0,5  mm.  crassis,  supra  sulcatis  suffulta,  late  ovato- 
suborbicularia,  antice  rotundata  et  emarginata,  basi  truncata,  1,2  — 2,6  cm.  longa  et  0,9  — 
2,3  cm.  lata,  nervo  medio  utrinque  prominenti,  lateralibus  numerosissimis  utrinque  tenuiter 
prominentibus  et  densissime  reticulato-anastomosantibus,  margine  serrato-denticulata,  utrin¬ 
que  glabra,  subcharatacea.  Flores  nobis  ignoti.  Fructus  sessilis  vel  subsessilis,  ovatus,  apice 
acutiusculus,  6  —  7  mm.  longus,  glaber.  Semina  cinerea,  globosa,  4  —  4,5  mm.  in  diam. 


Holotypus:  Cuba;  Prov.  Oriente;  Meseta  de  Maisi.  Leg.:  J.  Acuna  et 
D.  Barreto  6.  febr.  1952.  17387  SY! 

Specilli,  exam.:  Mesa  del  Chivo,  Maisi;  leg.:  H.  Leon,  Marie-Victorin 
et  Carabia  17158/c  —  Maisi:  manigua  costerà;  leg.:  H.  Leon  16571/b,  jul.  1935. 

Obs.:  B.  cubanae  A.  Rich.  affinis,  quae  foliis  1.5 — 2  mm.  longe  petiolatis, 
oblongo-ovatis  vel  ellipticis,  basi  rotundatis  vel  subcordatis,  crassiuscule  et 
remote  reticulato-venosis,  subcoriaceis,  fructibus  depresse — globosis,  usque  ad 
5  mm.  longis  bene  differt. 


Moacroton  lanceolatus  Alain  var.  varius  Borhidi  var.  n. 


A  typo  differt:  foliis  lineari-lanceolatis,  3  —  7  cm.  longis  et  4  12  mm.  latis,  apice  1  —  2 

mm.  longe  mucronatis,  floribus  femineis  cum  4  —  6,  plerumque  5  sepalis. 

Holotypus:  Cuba;  prov.  Oriente:  in  fruticetis  serpentinosis  aridis  montis 
Cerro  Galano  ad  pag.  La  Palma,  Holguin;  leg.:  A.  Borhidi,  R.  Capote  et 
Ramona  Oviedo  25.  sept.  1975.  27793  SV!;  isotypi:  SY!,  Bp! 
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Fam.:  Buxaceae 

Buxus  acunae  Borhidi  et  Muniz  sp.  n. 

Frutex;  rami  hornotini  quadranguli,  glabri.  Folia  apice  ramorum  conferta,  1,5  —  2 
inni,  longe  petiolata,  petiolis  decurrentibus  suffulta,  ovata  vel  elliptica,  basi  obtusa  vel  rotun- 
data  et  in  petiolum  brevissime  protracta,  antice  obtusa  vel  rotundata,  apice  ipso  breviter 
mucronato-pungentia,  1  —  2,5  cm.  longa  et  0,7  — 1,7  cm.  lata,  nervo  medio  supra  impresso, 
lateralibus  utroque  latere  6  — 10,  utrinque  obsoletis  vel  plerumque  supra  nullis  et  subtus 
levissime  prominulis,  non  reticulatis,  ante  marginem  conjunctis,  lamina  supra  nitens,  olivaceo- 
brunnea,  subtus  opaca,  margine  plerumque  valde  revoluta,  rigide  coriacea.  Inflorescentiae 
axillares,  1—2  cm.  longae.  Bracteae  0,5  mm.  longae,  ad  basini  pedunculi  paucae.  Pedunculus 
6  — 12  mm.  longus,  ebracteatus,  glaber;  flores  apice  pedunculi  conferti,  inasculini  4,  spiraliter 
dispositi,  0,2  —  4  mm.  longe  pedicellati,  bracteolis  I  mm.  longis,  triangulari-ovatis  suffulti. 
Sepala  4,  oblongo-ovata  vel  oblongo-lanceolata,  2-2,5  mm.  longa,  apice  acuta,  margine  bre¬ 
vissime  pulverulento-pilosa,  lamina  convexa,  crasse  coriacea.  Stamina  4,  sepalis  opposita, 
in  sinus  disci  4-lobulati  inserta,  subsessilia;  filamenta  crassa,  0,3  —  0,5  mm.  longa  et  lata; 
antherae  ovatae,  1  — 1,5  mm.  longae,  sepalis  breviores.  Flos  femineus  terminalis  solitarius, 
sessilis,  bracteis  breviter  triangularibus  circumdatus,  sepala  4,  late  triangulari-ovata,  0,7  —  1 
mm.  longa,  apice  acuta.  Ovarium  1,5  mm.  longum,  styli  semiorbiculariter  recurvati,  1,5  —  2 
mm.  longi.  Fructus  6  —  7  mm.  longus.  Semina  4  —  5  mm.  longa.  lucida,  nigra. 


Holotypus:  Cuba;  Prov.  Oriente:  Brenales  de  Playa  de  Vaca,  Moa. 
Leg.:  J.  Acuna  9.  nov.  1945.  13168.  SY! 

—  Ibidem,  J.  Acuna  11.  apr.  1945  12515.  SY! 

Obs.:  B.  bahamensi  Baker  affinis,  quae  a  specie  nostra  foliis  basi  angusta- 
tis,  inflorescentiis  brevioribus,  staminibus  longis  exsertisque,  filamentis  tenui- 
bus,  sepalis  femineis  oblongo-ovatis,  fructibus  minoribus  diversa.  Altera 
species  B.  rheedioides  Urb.  (e  Sierra  de  Nipe)  foliis  apice  acutis  et  acuminatis, 
nervis  lateralibus  utroque  latere  5 — 7  supra  prominentibus  differt. 


Buxus  historica  Borhidi  et  Muniz  sp.  n. 


Frutex;  rami  hornotini  subquadranguli,  resinoso-papillosi,  flavo-virides,  glabri,  inter- 
nodiis  2,5  —  5  cm.  longis.  Stipulae  oblongo-lanceolatae  0,6  —  1  cm.  longae,  coriaceae,  glabrae. 
Folia  3  —  5  mm.  longe  petiolata,  ovata  vel  ovato-elliptica,  basi  obtusa  vel  rotundata  et  in 
petiolum  protracta,  antice  obtusa  vel  rotundata,  apice  ipso  breviter  retusa  et  emarginata, 
3,5  —  6  cm.  longa  et  1,5  —  3  cm.  lata,  nervo  medio  supra  tenuiter  impresso,  subtus  prominenti, 
lateralibus  utroque  latere  12  —  18  supra  prominentibus  et  anastomosantibus,  ad  marginem 
obsoletis  et  non  vel  vix  conjunctis,  subtus  prominulis  vel  obsoletis,  lamina  supra  nitens, 
flavo-viridis,  subtus  opaca  et  brunnea,  margine  tenuiter  revoluta,  coriacea.  Inflorescentiae 
fructiferae  tantum  visae;  breves,  axillares,  1,5  —  2  cm.  longae.  Pedunculus  5  —  15  mm.  lon¬ 
gus,  bracteis  lanceolati,  acutis,  1  — 1,5  mm.  longis,  supra  et  ad  marginem  ferrugineo-tornen- 
tosis  densissime  obtectus.  Flores  masculi  4,  pedicelli  2  —  3  mm.  longi,  compalanti,  glabri, 
sepala  4,  ovata,  apice  acuminata  et  acuta,  1,5  —  2  mm.  longa,  extus  glabra,  intus  tomentosula; 
stamina  4,  longe  exserta,  4  mm.  longa,  filamenta  filiformia,  3  mm.  longa,  glabra;  antherae 
ovatae,  1  mm.  longae.  Flos  femineus  terminalis  sessilis,  solitarius.  Sepala  5,  suborbicularia, 
margine  et  intus  tomentosula,  dorso  carinata,  apice  in  mucronem  aristatum  excurrentia. 
Capsula  subglobosa,  brunnea,  glabra,  7  —  9  mm.  longa,  styli  breves,  2  —  3  mm.  longi,  recti, 
subhorizontaliter  patentes.  Semina  4  —  5  mm.  longa,  brunnea,  nitida. 

Holotypus:  Cuba;  Prov.  Oriente.  Charrascos,  Sierra  de  Moa,  en  alt. 
aprox.  800  m.s.m.  Leg.:  H.  Alain  3428!  26.  jul.  1953.  SY! 
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Obs.:  B.  retusae  (Griseb.)  Muell.  Arg.  (e  Monte  Verde)  affinis,  quae  a 
specie  nostra  foliis  basi  angustatis,  nervis  lateralibus  utrinque  prominulis, 
inflorescentiis  sessilibus,  pedicellis  masculinis  5 — 7  mm.  longis  et  bracteis 
glabris  satis  differt. 


Fam.:  Aqui  (oliacene 

Ilex  nannophylla  Borhidi  et  Muiiiz  sp.  n. 


Frutex  valde  ramosus,  usque  ad  2  m.  altus.  Rami  tortuosi,  hornotini  leviter  angulati, 
brunnei,  brevissime  patenti-pilosi,  vetustiores  cinerei,  glabri.  Folia  1  —  2  mm.  longe  petiolata, 
petiolis  minute  pilosis  suffulta,  orbicularia  vel  late  ovata,  basi  obtusa  vel  breviter  rotundata, 
apice  plerumque  acuta  et  breviter  acuminata,  5  —  12  mm.  longa  et  3  —  10  mm.  lata,  nervo 
medio  supra  profunde  impresso,  subtus  crassiuscule  prominenti,  lateralibus  supra  nullis, 
subtus  utroque  latere  3  —  4,  prominulis  et  reticulato-anastomosantibus,  margine  recurva, 
apicem  versus  1  —  3-denticulata,  supra  nitida,  subtus  opaca,  utrinque  glabra. 

Holotypus:  Cuba;  Prov.  Oriente:  Sierra  Maestra,  in  fruticetis  subalpinis 
montis  Pico  Cuba,  1800  m.s.m.  Leg.:  A.  Borhidi  1731;  5.  dee.  1969.  27047  SV!, 
isotypus:  Bp! 


Fam.:  Celastraceae 

Crossopetalum  cristalense  Borhidi  sp.  n. 

Frutex  1  —  1,5  m.  altus;  rami  hornotini  tenuiter  4-alati,  vetustiores  4-lineati,  brunnei, 
griseo-maculati,  transversaliter  lenticellati  vel  fessurati,  glabri.  Folia  subopposita,  1  2  mm. 

longe  petiolata,  elliptica  vel  levissime  ovata,  antice  rotundata  vel  truncata,  leviter  emargi¬ 
nata,  basi  obtusa  et  in  petiolum  protracta,  1  —  3  cm.  longa  et  0.7  — 1,3  cm.  lata;  nervo  medio 
supra  impresso  vel  ex  sulco  inferne  prominulo,  subtus  crasse  carinato-prominenti,  lateralibus 
utroque  latere  4  —  6,  supra  nullis  vel  obsolete  impressis,  subtus  bene  prominentibus  et  obsolete 
reticulatis;  lamina  margine  tenuiter  revoluta,  superne  denticulata,  in  sicco  supra  flavido- 
brunnea,  subtus  viridis,  subcoriacea.  Inflorescentiae  axillares,  cymosae,  3  — 9-florae,  glabrae. 
Pedunculus  5  —  10  mm.  longus,  bracteae  0,7  —  1  mm.  longae,  margine  brevissime  ciliatae; 
pedicelli  glabri.  Sepala  in  2/3  longit.  connata,  lobi  liberi  0,5  mm.  longi,  semiorbiculares,  ple¬ 
rumque  perfecte  glabri  vel  margine  brevissime  cibati.  Petala  ovata,  1  —  1,2  mm.  longa,  in 
fructu  persistentia,  reflexa.  Fructus  valde  asymmetricus,  purpureus,  8  mm.  longus  et  6 
mm.  latus. 


Holotypus:  Cuba.  Prov.  Oriente;  Sierra  del  Cristal,  in  fruticetis  semper- 
virentibus  serpentinosis  montis  Cayo  Verde,  prope  pag.  Corea  in  alt.  780  m.s.m. 
Leg.:  A.  Borhidi,  M.  Vales  et  Ramona  Oviedo  10.  apr.  1976.  27774  SV! 
Isotypus:  Bp! 

Obs.:  C.  rhacomae  (L.)  Crantz  affinis,  quae  a  specie  nostra  foliis  basi 
cuneatis,  nervo  medio  tenui,  supra  prominenti,  lateralibus  plerumque  nullis, 
pergamaceis,  inflorescentiis  atque  sepalis  puberulis  dare  differt.  C.  shaferi 
(Britt.  et  Wils.)  Alain  foliis  obovatis,  2 — 3-plo  majoribus,  coriaceis,  margine 
integris  vel  obsolete  crenulatis,  inflorescentiis  laxis,  late  ramificatis,  (6) — 12- 
floris,  pedunculis  10 — 15  mm.  longis  certe  distat. 
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Fam.:  Sapindaceae 
Thouinia  baracoénsis  Borhidi  sp.  n. 


Frutex  2  —  3  m.  altus.  Rami  hornotini  striati  et  canoso-puberuli.  Folia  simplicia, 
petiolis  puberulis  2-  6  mm.  longe  petiolata,  ovata  vel  lanceolata,  basi  cordata,  apice  obtusa 
vel  breviter  rotundata  et  mucronata,  mucrone  reflexo,  3  —  6,5  cm.  longa  et  2  —  4  cm.  lata, 
nervo  medio  supra  impresso,  inferne  ex  sulco  prominulo,  lateralibus  utroque  latere  5  —  8, 
in  dentes  subrecurvos  excurrentibus,  supra  impressis,  subtus  valde  prominentibus,  utrinque 
densissime  et  prominenter  reticulato-venosis,  supra  ad  nervum  medium  resinoso-punctata 
et  breviter  adpresse  pilosa,  subtus  in  axillis  nervorum  flavo-strigillosa  et  ad  nervos  sparse 
pilosa  vel  glabra,  inter  nervos  resinoso-granulata,  margine  acute  et  remote  denticolata,  coria¬ 
cea.  Thyrsi  axillares  et  terminales  racemosi,  1  —  1,5  cm.  longi,  pauci-(10  —  15-)flori.  Peduncu- 
lus  3  —  8  mm.  longus,  striatus,  breviter  puberulus,  flores  in  axillis  bractearum  2  —  5,  subsessiles 
vel  usque  ad  2  mm.  longe  pedicellati.  Sepala  suborbicularia,  1  — 1,2  mm.  longa,  rotundata, 
dorso  puberula,  intus  glabra;  petala  1,5  mm.  longa,  lamina  ipsa  ovata,  basi  truncata  et  longe 
stipitata,  antice  emarginata;  filamenta  1,5  —  2  mm.  longa,  petalis  breviter  superata,  puberula, 
antherae  ovatae.  Fructus  non  visus. 

Holotypus:  Cuba.  Prov.  Oriente:  Sobre  los  farallones  de  la  Abra  de 
Yumuri,  Baracoa.  Leg.:  H.  Alain,  J.  Acuna  et  Ramos  7695!  16.  jan.  1960. 
SY!  isotypus:  SY! 

—  Ibidem,  M.  Lopez  Figueiras  28.  jul.  1960.  UO  2320! 

Obs.:  T.  cubensi  Radlk.  affinis,  quae  a  specie  nostra  foliis  basi  rotundatis, 
nervis  lateralibus  utroque  latere  7 — 10  utrinque  prominentibus,  inflorescentiis 
usque  ad  3  cm.  longis,  subsessilibus,  amentiformibus  dense  multifloris,  floribus 
duplo  majoribus  sepalis  ovatis  1.5  mm.  longis,  petalis  obovatis,  apice  rotun- 
datis,  basi  attenuatis,  3  mm.  longis,  filamentis  petalis  brevioribus  omnino 
differt. 


Thouinia  hypoleuca  Borhidi  sp.  n. 

Frutex  vel  arbor  parva,  3  —  5  m.  alta.  Rami  hornotini  dense  pubescentes,  vetustiores 
grisei,  glabri.  Folia  3-foliolata,  3  —  5  cm.  longe  petiolata,  petiolis  longe  striatis,  albo-tomento- 
sis  vel  glabrescentibus  suffulta.  Foliola  media  1/4— 1/5  parte  majora  quam  lateralia,  late 
elliptica  vel  lanceolata,  utrinque  aequaliter  angustata,  apice  breviter  acuminata,  basi  cuneata, 
5  —  9  cm.  longa  et  2,5  —  5  cm.  lata,  nervo  medio  lateralibusque  utroque  latere  9  —  12  supra 
hirtulis  et  profunde  impressis,  subtus  carinato-prominentibus,  utrinque  densissime  et  pro¬ 
minenter  reticulatis,  lamina  supra  brunnea,  nitida  et  mucigera,  subtus  ad  nervos  longe  et 
dense  albo-tomentosa  vel  hirsuta,  in  axillis  non  vel  obscure  barbata,  sub  pube  inter  nervos 
nitida  et  glabra,  margine  satis  dense  mucronato-dentata,  plerumque  valde  revoluta,  sub¬ 
coriacea  vel  coriacea.  Thyrsi  laterales,  multiflori,  sub  anthesi  erecti,  albo-strigillosi  vel  hirsuti. 
Bracteae  obovatae,  hirtulae.  Pedicelli  2  —  2,5  mm.  longi,  0,2  —  0,3  mm.  lati;  sepala  4,  obovata, 
2  mm.  longa,  1  mm.  lata,  membranacea,  extus  albo-strigosa,  intus  glabra;  petala  4,  orbiculari- 
obovata,  1,5  —  2  mm.  longa,  basi  stipitata,  extus  puberula,  intus  ad  apicem  stipitis  barbata. 
Stamina  1,5  mm.  longa,  filamenta  glabra,  antherae  ovatae,  0,5  mm.  longae.  Ovarium  villo- 
sum,  styli  3,  recurvi,  basi  strigosi.  Fructus  obovato-ellipticus  vel  oblongo-obovatus,  1  cm, 
longus,  breviter  pilosus. 

Holotypus:  Cuba.  Prov.  Oriente;  Mesa  de  Lindero  entre  Gran  Tierra 
y  Maisi,  sobre  rocas  calcareas  àridas.  Leg.:  H.  Alain  et  M.  Lopez  Figueiras 
30.  dee.  1959.  (Al.  7038)  SY!,  isotypus:  SY! 
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Specim.  exam.:  Oriente:  Jauco  abajo,  maniglia  costerà;  leg.:  H.  Leon 
11876!;  —  Farallón  del  Lindero,  Maisi;  leg.:  H.  Leon  et  Marie-Victorin 
17174!;  —  Maisi,  Baracoa;  leg.:  M.  Bermudez  (Leon  17491)! 

Obs.:  T.  maestrensi  Lippold  affinis,  quae  foliis  ininoribus,  apice  obtusis 
vel  rotundatis,  6  — 8-nervatis,  sparse  et  obtuse  denticulatis,  in  axillis  ner- 
vorum  barbatis,  floribus  5-meris,  petalis  sepala  superantibus,  filamentis  pilosis 
abunde  differt. 


Fam.:  Rhaninaceae 

Rhaninidium  brevifolium  Borhidi  sp.  n. 

Frutex;  ramuli  teretes,  juniores  glabri,  nigro-striati.  Stipulae  interpetiolares  triangulari- 
lanceolatae,  dorso  binerves,  apice  brevissime  bidentatae,  1  — 1,5  mm.  longae.  Folia  opposita 
4  8  mm.  longe  petiolata,  elliptica  vel  suborbicularia,  basi  obtusa  vel  truncata,  brevissime 

mucronulata,  2  —  3,8  cm.  longa  et  1  —  2  cm.  lata,  nervo  medio  supra  anguste  impresso,  latera- 
libus  utroque  latere  5  —  8  sub  angulo  30  50°  abeuntibus,  utrinque  prominulis  et  dense 

anastomosanti-reticulatis,  reticulo  venarum  supra  prominulo,  subtus  impresso,  margine 
integra,  undulato-recurva,  supra  nitida,  viridia  et  irregulariter  prominenti-punctata,  subtus 
brunnea,  opaca,  minute  et  frequenter  obsolete  nigropunctata,  chartacea.  Inflorescentiae 
axillares,  pruinosae,  2  — 4-florae,  1  — 1,5  cm.  longae,  4  —  6  mm.  longe  pedunculatae,  bracteae 
valde  caducae;  pedicelli  3  —  6  mm.  longi,  bracteolae  triangulari-lanceolatae,  longe  acuminatae, 
acutae,  0,5  mm.  longae.  Calyx  4  mm.  longus,  tubus  2  mm.  longus,  pruinosus,  glaber,  lobi  5, 
tubo  aequilongi,  triangulari-ovati,  apice  acuti,  crasse  carnosi,  intus  longitudinaliter  carinati, 
utrinque  glabri.  Petala  5,  obovata  vel  spathulata,  apice  truncata  et  emarginata  vel  minute 
denticulata,  basi  breviter  unguiculata,  1  mm.  longa.  Stamina  5,  petalis  opposita,  filamenta 
0,8  1  mm.  longa,  antherae  0,2  0,3  mm.  longae,  ovatae,  apice  apiculatae,  supra  basim 

dorsifixae.  Ovarium  obovatum,  biloculare,  2  mm.  longum,  lateraliter  compressum,  dissepi- 
mentum  completum.  Ovula  solitaria  in  quoque  loculo.  Discus  annularis  carnosus.  Stylus 
0,7  — 0,8  mm.  longus,  crassus,  apice  truncatus. 

Holotypus:  Cuba.  Prov.  Oriente:  Charrascal  de  Pinales  de  Pena  Prieta, 
La  Magdalena,  Toa;  alt.  aprox.  650 — 700  m.s.m.  Leg.:  H.  Alain  3478;  20. 
jul.  1953.  SV! 

Obs.:  R.  sulcinervi  Urb.  affinis,  quod  foliis  coriaceis  2 — 4-plo  majoribus, 
superne  angustatis,  nervis  lateralibus  utroque  latere  9 — 11,  sub  angulo  35 — 40° 
abeuntibus,  parallelis,  pedicellis  fructiferis  2 — 3  mm.  longis  optime  differt. 


Karwinskia  angustata  Borhidi  et  Muniz  sp.  n. 


Frutex;  rami  hornotini  teretes,  nigrescentes,  glabri.  Stipulae  lanceolato-subulatae  2 
mm.  longae,  glabrae.  Folia  alterna,  3-4  mm.  longe  petiolata,  lineari-lanceolata,  apice  longe 
angustata,  acuta  vel  obtusiuscula,  mucronata,  basi  obtusa  vel  rotundata,  5  —  11  cm.  longa 
et  0,7  — 1,2  cm.  lata,  nervo  medio  supra  impresso,  subtus  prominenti,  lateralibus  utroque 
latere  10  16,  apicem  versus  arcuatis,  et  utrinque  tenuiter  prominulis,  ante  marginem  con- 

junctis  et  reticulatis,  lamina  supra  nitida,  olivacea,  subtus  opaca,  pruinoso-glaucescens  utrin¬ 
que  glabra,  supra  punctis  prominulis,  subtus  nigrescentibus  obsoletis  praedita,  margine 
recurva,  minute  undulata,  chartacea.  Cyinae  umbellatae  axillares  0,5  — 1,5  mm.  longe  pedun¬ 
culatae,  glabrae.  Flores  sessiles  vel  1—2  mm.  longe  pedicellati,  bracteolae  2,  membranaceae, 
1,5  —  2  mm.  longae,  ovatae  vel  lanceolatae,  deciduae.  Calyx  2  mm.  longus,  glaber,  glauco- 
pruinosus,  tubus  1  mm.  longus;  lobi  triangulares,  acuti,  1  mm.  longi.  Petala  late  ovata,  0,3 
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min.  longa  et  0,5  min.  lata,  brevissime  stipitata,  apice  profunde  excisa,  medio  puncto  nigro 
ornata.  Stamina  5,  filamenta  in  sinus  disci  inserta,  brevissima,  antherae  ovatae,  0,4  — 0,5 
mm.  longae;  discus  nigropunctatus,  ovarium  ovoideum,  leviter  4-lobatum,  glabrum,  2-locu- 
lare;  ovula  in  quoque  loculo  2. 


Holotypus:  Cuba.  Prov.  Pinar  del  Rio:  Sierra  del  Rosario;  Loma  Pelada, 
Buena  Vista,  Cayajabos.  Leg.:  H.  Leon  13825!,  23.  mart.  1929.  SV! 

Obs.:  K.  rocanae  (Britt.  et  Wils.)  Urb.  affinis,  quae  ramis  hornotinis 
cinerascenti-puberulis,  foliis  6  —  8  mm.  longe  petiolatis,  oblongo-ellipticis, 
7 — 10  cm.  longis  et  2 — 3.5  cm.  latis,  apice  rotundatis  vel  obtusis,  subtus 
sparse  pilosis  differt. 


Fam.:  Clusiaceae 
Rheedia  L. 


Clave  para  las  espécies  cubanas: 

1  a  Hojas  fuertemente  revolutas .  2 

b  Hoj  as  planas  o  con  el  margen  recurvo,  no  revoluto  .  3 


2  a  Ramitas  trigonas,  àpice  de  las  hojas  agudo,  los  nervios  laterales 

14 — 17  pares,  salen  en  un  àngulo  casi  recto  .  .  1.  R.  polyneura  Urb. 
b  Ramitas  cilindricas,  àpice  de  las  hojas  obtuso  u  redondeado,  ner¬ 
vios  laterales  7 — 10  pares,  salen  en  un  àngulo  de  ±45°  . 

. 2.  R.  revoluta  Urb. 

3  a  Hojas  obovadas,  mas  anchas  en  el  tercio  superior . 

. 3.  R.  cincta  Urb. 

b  Hojas  aovadas,  lanceoladas  u  oblongas  .  4 

4  a  Hojas  de  3 — 9  cm.,  aovadas  a  oblongas  .  5 

b  Hoj  as  de  1 — 4  cm.,  lineales,  lineal-lanceoladas,  oblongo-lanceola- 
das  a  oblongo-oblanceoladas  .  8 

5  a  Pedicelo  corto  .  6 

b  Pedicelos  axilares  de  1.5  cm.  de  largo,  peciolo  de  las  hojas  de 

3 — 5  mm.  de  largo  . 4.  R.  bakeriana  Urb. 

6  a  Hojas  aovado-elipticas;  redondeadas  a  retusas  en  la  base .  7 

b  Hojas  oblongo-lanceoladas  de  4 — 6  cm.,  obtusas  o  agudas  en  la 

base  . 5.  R.  brevipes  Britt. 

7  a  Fruto  globoso  de  8 — 15  mm.  in  diàmetro  ...  6.  R.  aristata  Griseb. 

b  Fruto  elipsoidal  de  3  cm.  de  largo  .  .  7.  R.  elliptica  Wr.  ex  Sauv. 


8  a  Pedicelos  de  1 — 5  cm.  de  largo .  9 

b  Pedicelos  de  2 — 5  mm.  de  largo  .  11 

9  a  Hojas  concavas  sin  nervios  aparentes  en  el  haz . 

.  8.  R.  ophiticola  Borhidi 

b  Hoj  as  planas,  nervios  prominentes  en  ambas  caras  .  10 
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10  a  Hojas  oblanceoladas  u  oblongas,  la  base  aguda  . 

.  9.  R.  moaensis  Bisse 

b  Hoj  as  aovado-lanceoladas  a  lanceo-lineales,  la  base  obtusa  o 

brevemente  aguda  .  10.  R.  ruscifolia  Griseb. 

aa  Hojas  aovado-lanceoladas,  la  base  obtusa . 

.  10/a.  var.  ruscifolia 

bb  Hojas  lanceo-lineales,  la  base  brevemente  aguda  . 

.  10/b.  var.  linearis  Borhidi 

11  a  Hojas  sin  nervios  aparentes  en  el  haz  y  sin  nervios  laterales  con- 

spicuos  en  el  envés.  Fruto  de  1 — 1.5  cm.  de  diàm  . 

.  11.  R.  fruticosa  Wr.  ex  Griseb. 

b  Hoj  as  con  nervios  laterales  prominulos  en  ambas  caras.  Fruto 
de  2 — 2.5  cm . 12.  R.  cubensis  Borhidi 


Rheedia  ophiticola  Borhidi  sp.  n. 


Frutex  ramosissimus,  1  —  3  m.  altus;  rainuli  3  —  4-goni  glabri.  Folia  opposita  vel  3-4- 
natim  verticillata,  1  —  3  min.  longe  petiolata,  lanceolato-linearia  vel  linearia,  basi  cuneata, 
apice  longe  acuminata  et  aristato-pungentia,  1  —  2  cm.  longa  et  2  —  4  mm.  lata,  supra  con¬ 
cava  et  avenia,  subtus  nervo  medio  crasse  prominenti,  lateralibus  10—14  ±  rectangulariter 
patentibus,  leviter  prominulis,  supra  nitida,  viridia,  subtus  opaca,  in  sicco  brunnescentia, 
glabra,  margine  plana,  rigide  coriacea.  Flores  ad  ramos  laterales  multi,  1  —  2,5  cm.  longe 
pedicellati.  Pedicelli  axillares  1 — 2,  tenues,  triquetri,  foliis  4:  aequilongi.  Sepala  2,  valvares, 
triangularia,  apice  acuta,  dorso  carinata,  basi  connata;  petala  4  —  5,  orbiculari-ovata,  valde 
convexa,  dorso  carinata  et  nervosa,  exteriora  2,  lateraliter  1  lobulo  dentiformi  suffulta,  2  mm. 
longa  et  3  mm.  lata;  stamina  12  —  20,  ovarium  globosum,  stigma  subsessile,  4-lobatum.  Bacca 
globosa,  nitida,  2  cm.  in  diam.,  2-sperma. 


Holotypus:  Cuba.  Prov.  Oriente;  Aserrio  de  Moa.  Leg.:  H.  Clemente, 
H.  Chrysogone  et  H.  Nestor  (Clemente  4325!)  25.  jul.  1945.  SY! 

Specim.  exam.:  Clemente  5514!  Bajada  al  camino  del  Coco:  Mina 
Franklyn,  Moa;  leg.:  Clemente,  Leon  et  Nestor  20.  jul.  1947.  —  Clemente 
6872!  Cananova,  leg.:  Clemente,  Alain  et  Chrysogone,  jul.  1949.  —  Leon 
23244!  Moa,  jul.  1947.  —  SV  11105!  Moa;  leg.:  Mrs.  Bucher  —  Leon  23246! 
Playa  de  Moa.  Leg.:  Leon  et  Clemente  22.  jul.  1947.  —  Clemente  4116! 
Aserrio  del  Moa;  leg.:  Clemente  et  Alain  17.  jul.  1944.  —  Leon  21150! 
Cerro  de  Miraflores  de  Cananova;  leg.:  Leon  et  Monterò  jul.  1942.  —  Leon 
20170!  Lorna  de  Jicotea,  Sur  de  Moa;  leg.:  Leon  et  Clemente  22.  jul.  1942. 

Obs.:  Habitu  R.  fruticosae  Wr.  ex  Griseb.  affinis,  quae  foliis  non  venosis, 
ramulis  4 — 5-gonis,  floribus  breviter  pedicellatis,  pedicellis  foliis  multo  breviori- 
bus  dare  discrepat.  Proxima  R.  ruscifolia  Griseb.,  foliis  ovato — lanceolati, 
supra  nervis  bene  prominentibus,  floribus  2 — 4  cm.  longe  pedicellatis,  pedicellis 
folia  manifeste  superantibus  differt. 


Ada  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


FLANTAS  NUEVAS  EN  CUBA 


313 


Rheedia  ruscifolia  Griseb.  var.  linearis  Borhidi  var.  n. 

Frutex  usque  ad  4  —  5  m.  altus;  a  typo  differt:  foliis  lancelato-linearibus,  1,5  — 3,5  cm. 
longis  et  3  6  mm.  latis,  magis  coriaceis. 

Holotypus:  Cuba.  Prov.  Oriente:  Sierra  del  Cristal,  in  fruticetis  serpentino- 
sis  montis  Saca  Lengua,  alt.  650 — 700  m.s.m.;  leg.:  A.  Borhidi,  M.  Yales  et 
Ramona  Oviedo  11.  apr.  1976.  SV!  isotypus:  Bp! 

Speciin.  exam.:  Alain  5870!  Sierra  del  Cristal:  Rio  Miguel;  leg.:  Acuna, 
Alain  et  M.  Lopez  Figueiras.  —  Alain  7921!  Sierra  de  Nipe:  Cayo  Sabinas 
al  NE  de  la  Loma  Mensura  in  alt.  750  m.s.m.;  leg.:  Acuna  et  Alain.  —  Lopez 
Figueiras  1888!  Sierra  de  Nipe:  Arroyo  Canapu,  Cayo  Rey.  —  Lopez  Figuei- 
ras  2858!  Sierra  de  Nipe:  Pinal  Colorado,  Cayo  Rey. 


Rheedia  cubensis  Borhidi  sp.  n. 


Frutex  ramosissimus  1  —  3  m.  altus;  ramuli  4  — 6-goni,  glabri,  in  axillis  rosulato-foliosi, 
foliis  4  — 6-natim  verticillatis.  Folia  lanceolato-linearia  vel  linearia,  1—3  mm.  longe  petiolata, 
basi  breviter  angustata,  apice  longe  subulato-acuminata,  2  —  3  mm.  longe  mucronato-aristata, 
1  —  2,3  cm.  longa  et  2  —  4  mm.  lata,  concava,  nervo  medio  supra  inferne  valde  prominenti, 
supra  medium  appianato,  subtus  crasse  prominenti,  lateralibus  utroque  latere  12  —  18,  sub 
angulo  40-  50°  patentibus  utrinque  manifeste  prominulis,  lamina  supra  nitida,  viridis,  subtus 
flavicans,  opaca,  rigide  coriacea.  Pedicelli  bacciferi  solitarii,  subsessiles  vel  2  —  4  mm.  longi, 
folio  multo  breviores.  Baccae  2  —  2,5  cm.  longae  bispermae. 

Holotypus:  Cuba.  Prov.  Las  Villas:  Sabanas  de  Motembo;  leg.:  H.  Leon 
et  A.  Loustalot  (Leon  9320!)  9—10  aug.  1920.  SY! 

Specim.  exam.:  Leon  2933!  Prov.  Habana:  Loma  de  Coca,  Campo  Florido; 
leg.:  Leon  9.  apr.  1912.  —  Ibidem  Borhidi  672!,  leg.  A.  Borhidi  et  O.  Muniz 
19.  sept.  1969.  —  Prov.  Matanzas:  Leon  14806!  Loma  de  los  Botinos,  28. 
mart.  1931.  —  Espinal  de  Canasi,  Acuna  24268  SY! 

Obs.:  R.  fruticosae  Wr.  ex  Griseb.  (e  Prov.  Pinar  del  Rio:  Cajalbana) 
affinis,  quae  foliis  supra  enervibus,  subtus  nervis  lateralibus  absentibus,  baccis 
minoribus  differt. 


Fam.;  Flacourtiaceae 

Samyda  campanulata  Borhidi  et  Muniz  sp.  n. 

Frutex  vel  arbor  parva.  Rami  hornotini  ferrugineo-hirsuti.  Stipulae  lineares,  2  —  3 
mm.  longae.  Folia  distiche  alterna,  2  —  4  mm.  longe  petiolata,  ovata  vel  obovata,  3  —  8  cm. 
longa  et  2  —  4,5  cm.  lata,  basi  obtusa,  rotundata  vel  subcordata,  apice  obtusa  vel  brevissime 
apiculata,  nervo  medio  supra  in  sulco  proininulo,  subtus  solemniter  prominente,  lateralibus 
utroque  latere  7  —  10,  utrinque  densissime  reticulato-conjunctis,  supra  prominulis  et  pilis 
basi  tuberculatis  copertis,  subtus  bene  prominentibus  et  longe  ferrugineo-hirsutis,  margine 
breviter  serrulata  vel  subintegra,  tenuiter  revoluta,  corriacea.  Flores  in  axillis  solitarii,  nutan- 
tes.  Pedicelli  3  —  5  mm.  longi,  ferrugineo-hirsuti.  Calyx  campanulatus,  usque  ad  1,2  cm.  lon- 
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gus;  tubus  5  —  6  mm.  longus,  sub  lobis  8  —  9  mm.  latus,  lobi  late  ovati,  5  —  6  mm.  longi,  utrin- 
que  rufo-puberuli.  Stamina  9  —  10,  gamosepala;  filamenta  connata,  pars  libera  triangulari- 
subulata,  apice  acuta,  1,2  —  2  mm.  longa.  Antherae  suborbiculares,  e  tubo  exsertae.  Stylus 
glaber,  6  —  7  mm.  longus,  utroque  extremo  dilatatus.  Stigma  capitatum,  brevissime  2—  10-lobum 
Fructus  globosus,  3-locularis,  usque  ad  1,5  cm.  in  diam.,  extus  villosus. 


Holotypus:  Cuba.  Prov.  Oriente:  maniglia  costerà,  Renté,  Santiago  de 
Cuba;  leg.:  H.  Chrysogone  1982!,  aug.  1951.  SY! 

Specim.  exam.:  Clemente  5330,  Ciudamar,  Santiago  de  Cuba,  mai. 
1947.  —  Clemente  3680!  Carretera  del  Morro,  Santiago  de  Cuba,  jun.  1944.  — 
Leon  17267!  Mesa  del  Chivo,  Maisi;  Oriente.  25.  aug.  1939.  —  Ibidem,  Leon 
18602!  dee.  1938. 

Obs.:  S.  dodecandrae  Jacq.  affinis,  quae  floribus  fasciculatis,  tubo  calycis 
angusto,  lobis  longiore,  filamentis  apice  truncatis,  in  tubo  insertis  bene  differt. 


Samyda  subintegra  Borhidi  et  Muiiiz  sp.  n. 

Frutex  1  m.  altus.  Kami  hornotini  ferrugineo-hirsuti.  Stipulae  lineares,  1  mm.  longae* 
Folia  distiche  alterna,  1  2  mm.  longe  petiolata,  elliptica  vel  oblongo-ovata  vel  obovata. 

3—7  cm.  longa  et  1,5  —  3  cm.  lata,  basi  obtusa  vel  rotundata,  leviter  obliqua,  apice  obtusa, 
et  brevissime  mucronata;  nervo  medio  supra  impresso,  subtus  arcte  prominente,  lateralibus 
utroque  latere  7  —  9,  arcuatis  et  ante  marginerò  recurvatis,  utrinque  reticulatis,  supra  omni¬ 
bus  impressis,  subtus  prominentibus,  lamina  supra  flavo-hirsuta  et  minutissime  rugulosa, 
subtus  ad  nervos  dense  patenti-hirsuta,  margine  integra  vel  obsolete  denticolata,  chartacea. 
Flores  in  axillis  folioruin  1  3,  brevissime  pedicellati.  Calyx  infundibuliformis  1,2  — 1,5  cm. 

longus,  tubus  calycis  cylindricus,  6  —  7  mm.  longus  et  3  —  4  mm.  in  diam.;  lobi  obovati,  tubo 
aequilongi,  utrinque  fulvo-pubescentes.  Stamina  10,  filamenta  in  tubum  glabrum  connata, 
gamosepala,  pars  libera  d=  1  mm.  longa,  plana,  apice  truncata,  antheris  aequilata.  Antherae 
oblongae,  e  tubo  calycis  exsertae.  Stylus  glaber.  utroque  extremo  dilatato,  stigma  capitatum. 
Ovarium  villosuin,  3-loculare. 

Holotypus:  Cuba.  Prov.  Camaguey:  Loma  de  caliza,  Pastelillo,  Nuevitas, 
Leg.:  Leon  23385!,  jul.  1948.  SY! 

Obs.:  S.  dodecandrae  Jacq.  affinis,  a  qua  foliis  chartaceis,  nervis  laterali¬ 
bus  supra  impressis,  lobis  calycis  tubo  aequilongis,  obovatis,  antheris  oblongis 
differt.  Yerisimiliter  Samyda  dodecandra  Jacq.  typica  in  Cuba  non  occurrit. 


Fam.:  Tliymelaeaceae 

Daphnopsis  angusti  folia  Wr.  in  Griseb.  var.  nipensis  Borhidi  et  Muiiiz  var.  n. 

A  typo  differt:  foliis  obovatis  vel  oblanceolatis,  1,5  —  4  cm.  longis  et  0,6— 1,5  cm. 
latis,  pistillodio  ampulliformi  1,5  min.  longo. 

Holotypus:  Cuba.  Prov.  Oriente;  Sierra  de  Nipe,  Pinares  de  Mayari; 
leg.:  M.  Lopez  Figueiras  (UO  917),  27 — 31.  mai.  1960.  SY!  —  Ibidem  UO 
941  SY! 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


PLANTAS  NUEVAS  EN  CUBA  V. 


315 


Fam.:  Symplocaceae 
Symplocos  moaénsis  Borhidi  sp.  n. 

Frutex  vel  arbor  parva;  rami  hornotini  angulato-striati,  glaberrimi.  Folia  oblongo- 
elliptica  vel  oblongo-ovata,  apice  obtusa  vel  brevissime  emarginata,  basi  cuneata  et  in  petio- 
lum  protracta,  petiolis  2  —  4  mm.  longis  glabris  suffulta,  5,5  —  9  cm.  longa  et  2  —  3,5  cm.  lata, 
nervo  medio  supra  impresso,  subtus  prominenti,  lateralibus  utroque  latere  6  —  8,  utrinque 
j)rominulis  vel  supra  obsoletis  et  subtus  reticulato-venosis  glaberrimis,  lamina  supra  flavo- 
viridis,  plerumque  brunneo-maculosa,  subtus  flavicans,  utrinque  lucida  et  glabra  vel  rariter 
sparse  adpresseque  strigulosa,  margine  integra,  coriacea.  Inflorescentiae  axillares,  glomeratae 
vel  plerumque  breviter  racemosae,  ferrugineo-strigillosae,  1  — 6-florae.  Pedunculus  0  -3  mm. 
longus,  pedicelli  plerumque  nulli;  bracteae  late  ovatae,  0,2  —  0,3  mm.  longae,  ferrugineo- 
strigosae.  Flores  3  —  4  mm.  longi.  Calyx  2  —  2,5  mm.  longus,  tubus  1  —  1,5  mm.  longus,  glaber, 
lobi  5,  ovati,  valvati,  apice  obtusi,  1  —  1,2  mm.  longi,  extus  ferrugineo-strigillosi.  Corolla  2,5  —  3 
mm.  longa,  glabra,  tubus  1  —  1,2  mm.  longus,  lobi  5,  imbricati,  late  ovati,  1,8  —  2  mm.  longi, 
concavi,  apice  rotundati.  Stamina  15  —  18,  basi  tubi  corollae  3  — 4-natim  coalita  adnata, 
filamenta  filiforinia,  inaequilonga.  Antherae  subdidymae,  0,3  —  0,4  mm.  longae.  Ovarium 
1,5  —  2  mm.  longum,  semi-inferum,  vertice  longe  ferrugineo-hirsutum,  biloculare;  ovula  2  in 
quoque  loculo.  Stylus  1  mm.  longus,  glaber;  stigma  breviter  capitatum. 

Holotypus:  Cuba.  Prov.  Oriente;  Mina  Iberia,  Taco  Bay,  Baracoa; 
leg.:  E.  Del-Risco  27167  SV! 

Specim.  exam.:  Prov.  Oriente,  Moa;  Aserradero  del  km.  26,  La  Melba; 
leg.  E.  Del-Risco  28.  mart.  1972.  27442  SV!  et  27506  SV! 

Obs.:  S.  ciponimoidi  Griseb.  affinis,  quae  ramulis  villosis,  foliis  subtus 
plerumcjue  ad  nervos  sericeo-strigosis,  corolla  sericea,  staminibus  25,  bene 
differt. 


Fani.;  Borraginaceae 
Cordia  suffruticosa  Borhidi  sp.  n. 

(C.  stenopliylla  Alain  p.  p.  non  C.  angustifolia  (Yent.)  Roem.  et  Schult.) 

Suffrutex  ramosissimus,  30  —  80  cm.  altus.  Rami  hornotini  teretes,  striati,  glandulosi 
et  pilis  sursum  orientatis  ±  adpressis  sparse  strigillosi  vel  setulosi.  Folia  lineari-obovata  vel 
oblongo-obovata,  apice  rotundata  et  plerumque  breviter  excisa,  basi  cuneata,  1  —  1,5  mm. 
longe  petiolata,  0,8  —  3,5  cm.  longa  et  2  —  5  mm.  lata,  nervo  medio  supra  impresso,  subtus 
prominenti,  lateralibus  utroque  latere  5  —  7,  supra  impressis,  subtus  prominulis,  lamina  in 
sicco  nigrescens,  supra  dense  tuberculato-rugulosa,  scabra  et  minutissime  glandulosa,  subtus 
ad  nervos  sparse  adpresse  setulosa,  inter  nervos  tomento  delicatissimo  viridi  et  glandulis 
minutis  lucidis  obtecta,  margine  leviter  crenulata  vel  undulata,  tenuiter  recurva,  sparse 
strigosa.  Influrescentia  spicata,  pauciflora,  terminalis,  usque  ad  1  cm.  longa.  Pedunculus 
1  —  2  mm.  longus,  pube  ramorum  suffultus.  Calyx  campanulatus,  2,5  —  3  mm.  longus,  tubus 
1,5  —  2  mm.  longus,  superne  ampliatus,  nervosus,  extus  glandulosus  et  sparse  strigillosus, 
lobi  4(  — 5),  triangulares,  1  mm.  longi,  acuti,  apice  breviter  et  crasse  mucronati.  Corolla  4  —  5 
mm.  longa,  tubus  3 — 3,5  mm.  longus,  10-nervosus,  intus  ad  nervos  sub  filamentis  strigillo¬ 
sus,  lobi  5,  reflexi,  1  —  1,5  mm.  longi,  extus  minutissime  glandulosi,  intus  glabri.  Stamina  5, 
filamenta  medio  tubi  affixa,  1  —  1,2  mm.  longa,  glabra.  Antherae  versatiles,  in  fauce  tubi 
insertae.  Stylus  2  mm.  longus.  Fructus  purpureus,  lucidus,  calyce  inclusus,  3  mm.  in  diametro^ 


Holotypus:  Cuba.  Prov.  Oriente:  in  fruticetis  serpentinosis  montis  Cerro 
Galano  prope  La  Palma,  Holguin.  Leg.:  A.  Borhidi,  R.  Capote  et  Ramona 
Oviedo  25.  sept.  1975.  SV  27751!;  isotypi:  SY  27752!  et  Bp! 
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Specim.  exam.:  Wright  3114  (e  Cuba  Orientali,  verisimiliter  e  Sierra 
de  Nipe)!  —  M.  Lopez  Figueiras  2508!  Sierra  de  Nipe:  charrascales  de  la 
Cueva;  25.  febr.  1956. 


Cordia  holguinensis  Borhidi  et  Muniz  sp.  n. 


Frutex  1  —  2  m.  altus.  Rami  hornotini  teretes,  setis  patentibus  et  tomento  albido 
atque  gianduii*  sessilibus  intermixtis  setoso-pubescentes,  vetustiores  obscure  cinerei,  glabri, 
minute  striati.  Folia  petiolis  5  —  10  mm.  longis  et  1  1,5  mm.  latis  suffulta,  oblongo-ovata, 

oblongo-elliptica  vel  lanceolata,  basi  cuneata,  apice  obtusa,  plerumque  sub  medio  latissima, 
3  —  7  cm.  longa  et  7  — 15  mm.  lata,  nervo  medio  cum  lateralibus  utroque  latere  8  11  supra 

impressis,  subtus  prominentibus,  utrinque  reticulato-anastomosantibus,  margine  undulato- 
crenulata  et  tenuiter  revoluta,  lamina  supra  bullescens,  setuloso-scabra,  subtus  ad  nervos 
patenti-strigillosa,  inter  nervos  tomento  cinereo-viridi  pulverulenta,  et  glandulis  lucidis 
sessilibus  utrinque  glandulosa,  chartacea  vel  subcoriacea,  rigida.  Inflorescentiae  terininales 
vel  pseudo-laterales,  cylindraceo-spicatae,  apicem  versus  leviter  dilatatae.  Pedunculus  2—5 
cm.  longus,  spica  ipsa  usque  ad  8  cm.  longa,  dense  patenti-hirsuta  et  glandulosa.  Calyx  sub 
anthesi  4  -5  mm.  longus,  extus  strigosus  et  glandulosus,  intus  glaber;  lobi  5,  tubo  breviores, 
triangulares,  acuti,  inaequimagni,  1  —  1,5  mm.  longi.  Corolla  5  mm.  longa,  extus  glabra,  tubus 
leviter  turbinatus,  3,5  —  4  mm.  longus,  superne  3,5  —  4  mm.  latus,  intus  ad  basim  filarnentorum 
pubescens;  lobi  5,  oblongo-triangulares,  apice  obtusi  vel  acuti,  1,5  —  2  mm.  longi,  sub  anthesi 
valde  reflexi.  Stamina  inaequilonga,  supra  medio  tubi  adnata,  filamenta  breviora  0,7  mm. 
longa,  longiora  2,5  mm.  longa,  basi  puberula.  Antherae  dorsifixae,  ellipticae,  1  mm.  longae. 
Fructus  globosus,  purpureus,  glaber,  4-5  mm.  in  diametro;  in  calyce  non  inclusus. 

Holotypus:  Cuba.  Prov.  Oriente;  in  fruticetis  serpentinosis  ad  Ceja  de 
Melones  prope  opp.  Holguin.  Leg.:  A.  Borhidi,  R.  Capote  et  Ramona  Oviedo 
24.  sept.  1975.  SV!  isotypus:  Bp! 

Specim.  exam.:  Borhidi  8185;  Prov.  Oriente,  La  Tinajita,  prope  opp. 
Gibara.  Leg.:  A.  Borhidi,  O.  Muniz,  E.  Del-Risco  et  A.  Lopez  17.  jul.  1970. 

Obs.:  C.  cinerascenti  A.DC.  affinis,  quae  foliis  eglandulosis,  inflorescentia 
puberula,  non  glanduloso-strigosa,  calyce  2  mm.  longo,  fructibus  3  mm.  in 
diam.  calyce  inclusis  satis  differt. 


Fam.;  Verbenaceae 

Callicarpa  moana  Borhidi  et  Muniz  sp.  n. 

Frutex  1  —  2  m.  altus.  Rami  juniores  obtuse  4-angulati,  sparse  et  breviter  spinuloso- 
tuberculati,  pilis  multiradiatis  ferrugineis  densissime  obtecti,  vetustiores  teretes.  Folia  petio¬ 
lis  8  — 10  mm.  longis,  3-costatis,  supra  canaliculatis,  basi  manifeste  dilatatis  suffulta,  ovata 
vel  elliptica,  apice  breviter  acuminata  et  mucronato-acuta,  basi  sensim  angustata  et  obtu- 
siuscula,  3  —  6  cm.  longa  et  1,5  —  3  cm.  lata,  medio  latissima,  nervis  lateralibus  utroque  latere 
6  —  8,  sicut  medio  supra  impressis,  subtus  bene  prominentibus,  utrinque  dense  areolato- 
reticulata,  reticulo  supra  profunde  impresso,  subtus  crassiuscule  prominenti,  margine  plana 
et  apicem  versus  brevissime  crenulata,  lamina  supra  Indiata  et  breviter  albo-setulosa,  nigra, 
subtus  pilis  multiradiatis  ferrugineis  densissime  tomentosa,  sub  tomento  eglandulosa,  sub¬ 
coriacea.  Inflorescentiae  axillares  cum  pedunculo  1  — 1,5  cm.  longo  2,5  -  3  cm.  longae,  corymbi- 
formae,  dichotome  ramificatae.  Bracteae  lineares  infimae  4  —  5  mm.  longae,  superiores  brevio¬ 
res.  Pedicelli  vix  0,5  mm.  longi.  Calycis  tubus  breviter  turbinatus  1  1,5  mm.  longus,  stellato- 

pilosus.  Cetera  non  visa. 
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Holotypus:  Cuba.  Prov.  Oriente;  Sierra  de  Moa;  charrascales  y  pinares 
en  alt.  aprox.  800  m.s.m.  Leg.:  H.  Alain  3377!  25  —  26.  jul.  1953.  SY! 

Obs.:  C.  areolatae  Urb.  affinis,  quae  foliis  oblanceolatis,  supra  medium 
latissimis,  0.8 — 1.5  cm.  longis,  brevius  petiolatis,  supra  glabris,  inflorescentiis 
brevioribus,  atque  floribus  fructibusque  (?)  differt. 


Callicarpa  toaénsis  Borhidi  et  Muniz  sp.  n. 

Frutex;  rami  hornotini  obtuse  4-anguli,  sparse  et  breviter  spinuloso-tuberculati,  pilis 
multiradiatis  ferrugineis  densissime  obtecti,  vetustiores  teretes.  Folia  petiolis  3  —  7  mm.  lon¬ 
gis,  convexis,  supra  esulcatis,  1  —  1,5  mm.  latis  suffulta,  lanceolata  vel  oblanceolata,  apice 
acuminata,  basi  longe  cuneata,  2,5  — 6,5  mm.  longa  et  1  —  2,2  cm.  lata,  nervis  lateralibus 
utroque  latere  6  —  8,  sicut  medio  supra  impressis,  subtus  bene  prominentibus,  utrinque  dense 
areolato-reticulatis,  reticulo  supra  impresso,  subtus  crassiuscule  prominenti,  lamina  margine 
plana  et  superne  irregulariter  crenulato-denticulata,  supra  bullescens  et  dense  albostrigosa, 
subtus  pilis  multiradiatis  ferrugineis  densissime  tomentosa,  sub  tomento  inter  venas  dense 
glandulosa,  coriacea,  vel  subcoriacea.  Infiorescentiae  axillares,  dichotome  cymoso-corymbo- 
sae,  1—1,5  cm.  longe  pedunculatae,  pedunculis  tuberculatis  et  ferrugineo-floccosis  suffultae, 
2  —  3  cm.  longae.  Bracteae  inferiores  lineares,  3  —  4  mm.  longae.  Pedicelli  1,5  — 2,5  mm.  longi, 
stellato-puberuli  et  glanduloso-pilosi.  Calycis  tubus  cupulatus,  obsolete  dentatus  vel  trunca- 
tus,  1,5  mm.  longus,  dense  ferrugineo  stellato-hirsutus  et  pilis  glandulosis  obsitus.  Corolla 
2,5  mm.  longa,  extus  glandulosa.  Fructus  depresse  globosus,  3  —  4  mm.  longus  et  3  —  5  mm. 
latus,  dense  glanduloso-hirsutus. 

Holotypus:  Cuba.  Prov.  Oriente;  Palenquito  de  Yateras  en  alt.  aprox. 
550  m.s.m.  Leg.:  H.  Alain  3077!  20.  jul.  1953.  SY!;  isotypus:  SY! 

Specim.  exam.:  Alain  3742!  Cuba,  Prov.  Oriente,  Cuinbre  del  Pico 
Galano,  Sierra  de  Frijol,  La  Alegria,  Toa;  alt.  aprox.  1050  m.s.m.  1.  jan.  1954 
—  SY  26665!  Prov.  Oriente;  Cupeyal  de  Norte.  Leg.:  Y.  Samek,  mart.  1968. 

Obs.:  Ex  affinitate  C.  leonis  Mold.,  quae  foliis  ellipticis,  margine  regulari- 
ter  crenulatis,  subtus  sparse  stellato-tomentosis,  pedunculis  multo  brevioribus, 
inflorescentiis  pilis  glandulosis  carentibus  differt. 


Vitex  guanahacabibensis  Borhidi  sp.  n. 

Arbor  parva  usque  ad  3  —  4  m.  alta.  Rami  hornotini  4-anguli.  griseo-puberuli,  vetustio¬ 
res  glabri.  Folia  3-foliolata,  2,5  — 6,5  cm.  longe  petiolata,  foliola  sessilia  vel  centralia  plerum- 
que  2  —  4  mm.  longe  petiolulata,  lanceolata  vel  oblongo-lanceolata,  antice  longe  acuminata 
vel  caudata,  basi  cuneata  vel  obtusiuscula,  centralia  5  —  12  cm.  longa  et  1,7  —  3  cm.  lata, 
nervo  medio  supra  impresso,  subtus  prominenti,  lateralibus  utroque  latere  10 — 14,  arcuatis 
et  ad  marginem  conjunctis,  utrinque  tenuiter  anastomosanti-reticulatis,  lamina  supra  brun- 
nea  vel  nigrescens,  initio  dense  impresso-glandulosa,  postremo  glandulis  dejectis  impresso- 
punctata,  glabra,  subtus  adpresse  cinereo-tomentosa,  sub  tomento  eglandulosa,  margine- 
integra,  revoluta,  chartacea.  Infiorescentiae  axillares,  paniculatae,  4  —  5  cm.  longae.  Pedun- 
culus  2  —  3  cm.  longus,  puberulus.  Calyx  1,5  —  2  mm.  longus,  remote  et  brevissime  4-dentatus 
vel  truncatus.  Corolla  4-lobulata,  extus  puberula.  Fructus  globosus  3,5  —  4  mm.  longus,  glaber. 

Holotypus:  Cuba.  Prov.  Pinar  del  Rio.  Litoral  Sur  de  la  Peninsula  de 
Guanahacabibes.  Leg.:  J.  Acuna  et  F.  Zayas  jul.  1955.  19938  SY!,  isotypi:  SY! 
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Specim.  exam.:  Peninsula  de  Guanahacabibes:  Punta  Holandés.  Leg.: 
A.  Borhidi,  R.  Capote  et  M.  Vales,  18.  dee.  1974!  Peninsula  de  Corrientes, 
Guanahacabibes;  Maniglia  costerà.  Leg.:  H.  Alain  6915!  22,  dee.  1959. 


Vitex  acuirne  Borhidi  et  Muniz  sp.  n. 


Arbor  parva;  ramuli  obtuse  4-anguli.  griseo  vel  ferrugineo-puberuli,  vetustiores  glabri. 
Folia  3-foliolata,  3  —  7  cm.  longe  petiolata,  foliola  sessilia  vel  centralia  2  4  mm.  onge  petio- 

lulata,  ;  lanceolata  vel  oblongo-lanceolata,  apice  longe  acuminata,  basi  cuneata,  lvel  obtusius- 
cula,  centralia  8  —  15  cm.  longa  et  3  —  6  cm.  lata,  lateralia  minora;  nervo  medio  supra  im¬ 
presso,  subtus  prominenti,  lateralibus  utroque  latere  7—10  arcuatis,  supra  impressis  et  obso¬ 
lete  anastomosantibus  subtus  dense  et  crassiuscule  prominenter  reticulato-venosis,  lamina 
supra  in  sicco  brunnescens  et  sparse  glandulosa,  glabra,  subtus  tenuiter  et  adpresse  cinereo- 
pulverulenta  et  dense  flavo-glandulosa,  postremo  ad  nervos  sparse  hirtula  ceterum  glabrescens 
vel  glabra,  glandulosa,  margine  integra  vel  apicem  versus  leviter  denticulata,  plana,  charta- 
cea.  Inflorescentiae  axillares,  pedunculi  petiolis  di  aequilongi,  puberuli.  Panicula  ipsa  4—6 
cm.  longa,  ferrugineo-puberula  et  glandulosa.  Calyx  2—2,5  mm.  longus,  breviter  4-lobatus, 
lobi  apice  mucronulati,  semiorbiculares.  Corolla  3—4  mm.  longa,  extus  pulverulenta,  4-lobata. 
Fructus  globosus  vel  obovatus  4,5  —  6  mm.  longus,  glaber. 

Holotypus:  Cuba.  Prov.  Pinar  del  Rio.  Montes  de  la  Peninsula  de  Guana- 
hacabibes.  Leg.:  J.  Acuna  et  F.  Zayas  24.  jul.  1955.  19936!  SY;  isotypi:  SV! 


Vitex  praetervisa  Borhidi  sp.  n. 

Arbor  parva  vel  fruticosa.  Rami  hornotini  obtuse  4-anguli,  ferrugineo-puberuli, 
vetustiores  teretes,  glabri.  Folia  3-foliolata,  1,5  — 2,5  cm.  longe  petiolata,  foliola  sessilia, 
lanceolata  vel  oblanceolata,  apice  acuminata  et  plerumque  acuta,  basi  cuneata  vel  obtusius- 
cula,  centralia  2  —  4  cm.  longa  et  0,6-  1,2  cm.  lata,  nervis  supra  anastomosantibus  et  areo- 
lato-impressis,  subtus  crassiuscule  prominentibus  et  dense  reticulatis,  lamina  supra  in  sicco 
brunnea  vel  nigrescens,  sparse  lepidota,  mox  glabra  et  plicatula,  subtus  dense  cinereo-lanugi- 
nosa,  sub  tomento  eglandulosa,  margine  integra,  plana,  chartacea.  Inflorescentiae  axillares, 
1  —  2  cm.  longae,  1—1,5  cm.  longe  pedunculatae,  capituliformiter  cyrnosae.  Calyx  1,5  —  2 
mm.  longus,  breviter  4-dentatus,  glandulosus  et  glabrescens  vel  glaber.  Corolla  2  —  2,5  mm. 
]onga,  4-lobulata,  extus  glandulosa.  Fructus  obovatus,  4  -5  mm.  longus,  glaber. 

Holotypus:  Cuba;  Prov.  Oriente;  Cabo  Cruz,  sobre  rocas  calizas.  Leg.: 
H.  Leon  16336!  31.  dee.  1935.  SV! 

Obs.:  Citada  erroneamente  por  Moldenke  corno  V.  tomentosula  Mold. 


Fam.;  Solanaceae 

Cestrum  moaénse  Borhidi  et  Muniz  sp.  n. 

Frutex.  Rami  teretes,  pilis  multiramosis  rufis  dense  tomentosi,  stricti.  Folia  2  —  4  min. 
longe  petiolata,  elliptica  vel  oblongo-elliptica,  antice  angustata,  apice  ipso  obtusa,  basi  brevi- 
ter  rotundata  vel  subcordata,  3  —  7  cm.  longa  et  1,5  —  3  cm.  lata,  nervo  medio  supra  impresso 
lateralibus  utroque  latere  5  —  7  arcuatis  supra  impressis,  subtus  omnibus  prominulis,  non 
reticulatis,  lamina  supra  glabra,  nigrescens,  leviter  Indiata,  nitida,  subtus  ad  nervos  sparse 
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stellato-pilosa,  inter  nervos  rufo-punctata,  margine  valde  involuta,  rigide  coriacea.  Inflorescen- 
tiae  axillares  1-florae  et  terminales  1  —  2-florae;  pedunculo  subnullo,  usque  ad  1  —  3  mm. 
longo,  rufo  tomentoso  suffultae.  Bracteae  lanceolatae  vel  lineari-lanceolatae,  crassae,  tomen- 
tosae,  5  —  6  mm.  longae;  pedicelli  1  —  2  mm.  longi,  1  mm.  crassi,  perfecte  glabri.  Calyx  obova- 
tus  4 —  5  mm.  longus  glaber,  obsolete  5-nervis,  lobi  triangulares,  apice  mucronati  et  pilosi, 
tubo  duplo  breviores.  Corolla  non  visa.  Fructus  globosus,  nigrescens,  glaber,  6  mm.  in 
diametro. 

Holotypus:  Cuba.  Prov.  Oriente;  Sierra  de  Mda,  in  alt.  800  m.s.m. 
Leg.:  H.  Alain  25—26.  jul.  1953.  3443  SV! 

Obs.:  C.  hirto  Sw.  affinis,  quod  ramis  ferrugineo  tomentosis,  foliis  ovatis, 
longius  petiolatis,  membranaceis  vel  chartaceis  densissime  tomentosis,  inflores- 
centiis  capitatis  3— 8-floris,  pedunculis  petiolo  longioribus  atque  calycibus 
stellato-pubescentibus  differt. 


Cestrum  buxoides  E  km.  ex  Urb.  var.  lucens  Borhidi  et  Muniz  var.  n. 

A  typo  differt:  foliis  utrinque  lucidis,  calycibus  3,5  — 4,5  mm.  longis,  lobis  triangulari- 
bus  5  —  8  mm.  longis,  tubo  5  —  5  1/2-plo  brevioribus,  margine  denticulatis,  corollae  lobis  4 
mm.  longis,  tubo  4  — 5-plo  brevioribus,  baccis  subglobosis. 

Holotypus:  Cuba.  Prov.  Oriente;  Charrascos  de  la  Sierra  de  Moa,  en 
alt.  aprox.  800  m.s.m.  Leg.:  H.  Alain  25 — 26.  jul.  1953.;  3407,  SV! 

Specim.  exam.:  Ibidem,  H.  Alain  3313!  3321!  3345! 

Obs.:  Probablemente  endemica  de  la  zona  alta  de  la  Sierra  de  Moa. 


Fam.:  Gesneriaceae 

Gesneria  pallida  Morton  ex  Borhidi  et  Muniz  sp.  n. 


Perennans,  glaberrima,  caule  simplici,  subnullo.  Radix  elongata,  lignescens,  parce 
ramosa.  Folia  ±  reticulata,  subsessilia,  obovata,  apice  obtusa,  vel  brevissime  acuta,  basi 
auriculata  et  in  petioluin  protracta,  2,5  —  8  cm.  longa  et  1,5— 3,5  cm.  lata,  margine  irregulari- 
ter  et  remote  crenulata,  nervis  supra  tenuiter  impressis,  subtus  prominulis,  ante  marginem 
arcuato-conjunctis  et  reticulato-venosis,  membranacea.  Pedunculus  1-florus,  1  —  2  cm.  lon¬ 
gus,  supra  basini  prophylla  bina  lineari-obovata  3  —  6  mm.  longa  gerens.  Calycis  tubus  brevi- 
ter  obovatus  3  4  mm.  longus,  lobi  lanceolati  vel  triangulares,  1-nerves,  tubo  aequilongi. 

Corolla  20  —  25  mm.  longa,  pallide  flava,  claviformi-cylindrica,  superne  sensim  ampliata,  sub 
apice  in  statu  compresso  3  —  4  mm.  lata,  lobis  concoloribus,  in  statu  compresso  7-8  mm. 
latis,  3  -5  mm.  longis,  antice  rotundatis,  margine  serrulatis,  extus  cum  tubo  puberulis  vel 
tomentosulis.  Antherae  e  tubo  vix  exsertae,  Stylus  15  mm.  longus. 


Holotypus:  Cuba.  Prov.  Oriente;  Pinares  y  canadas  al  Norte  de  Yunque 
de  Baracoa.  Leg.:  J.  Acuna,  H.  Alain  et  Ramos.  13.  jan.  1960.  Alain.  7609 
SV!;  isotypi:  SV! 

Obs.:  G.glandulosae  (Griseb.)  Urb.  affinis,  quae  caulibus  foliisque  dense 
glanduloso-villosis,  calycis  tubo  purpureo-piloso,  lobis  purpureis  et  corollae 
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tubo  atque  garganta  leviter  contracto;  taxon  proximum,  G.  cuneifolia  (DC.) 
Moq.  et  Sessé  ssp.  obovata  (Griseb.)  Borhidi  foliis  margine  biserratis  et  leviter 
bullatis,  lobis  calycis  ovatis,  corolla  purpurea  differt. 


Gesneria  acunae  Borhidi  sp.  n. 

Perennans;  caulis  usque  ad  4  —  5  cm.  longus,  villosus,  lignescens.  Folia  rosulata,  sub- 
sessilia,  oblongo-oblanceolata,  apice  apiculata  et  plerumque  acuta,  basi  angustata  et  in  petio- 
lum  brevissiinum  et  alatum  protracta,  8  — 13  cm.  longa  et  2  —  3  cm.  lata,  utrinque  dense, 
reticulato-venosa  et  ad  nervos  longe  puberula  vel  postremo  glabrescentia,  leviter  bullata, 
margine  crenulato-serrata  vel  serrato-denticulata,  membranacea  vel  subchartacea.  Peduncu- 
lus  1  — 2-florus  ±  1  cm.  longus,  resinosus.  Prophylla  lineari-subulata  usque  ad  1  cm.  longa. 
Calycis  tubus  obconicus,  leviter  turbinatus,  2  —  3  min.  longus,  puberulus;  lobi  calycis  subulato- 
lanceolati  10  —  13  mm.  lungi,  supra  basini  latissimi,  2  mm.  lati,  longe  pilosi.  Corolla  25  —  28 
min.  longa,  extus  albo-puberula;  tubo  in  sicco  flavo,  obconico,  sub  apice  in  statu  compresso 
7  9  mm.  lato,  lobis  sanguineo-purpureis,  margine  flavis,  superioribus  semiorbicularibus 

infimo  8  —  10  mm.  longo  et  lato.  Stamina  e  tubo  exserta,  antherae  oblongae,  apice  cohaeren- 
tes.  Capsula  5  —  6  mm.  longa,  longe  villosula. 

Holotypus:  Cuba.  Prov.  Oriente:  sobre  un  paredón  al  Este  del  Yunque 
de  Baracoa,  alt.  aprox.  300  m.s.m.  Leg.:  J.  Acuna,  H.  Alain  et  Ramos, 
14.  jan.  1960.  Alain  7541!  SY;  isotypi:  SY! 

Obs.:  G.  shaferi  Urb.  affinis,  quae  caulibus  foliisque  glabris,  foliis  4 — 8  cm. 
longis,  apice  obtusis,  calycis  lobis  lanceolati,  5 — 7  mm.  longis,  glabris,  corolla 
17 — 20  mm.  longa,  tubo  purpureo  et  lobis  flavis,  rubro-venosis  abunde  differt. 
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NICHE  STUDIES  ON  SOME  PLANT  SPECIES 
OF  A  GRASSLAND  COMMUNITY  I 

COMPARISON  OF  YARIOUS  MEASUREMENTS 
By 
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*  BOTANICAL  DEPARTMENT,  NATURAL  HI  STORY  MUSEUM,  BUDAPEST 
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This  series  of  papers  proposes  an  analysis  of  thè  niche-relations  of  thè  dominant- 
abundant  species  of  a  dry  grassland.  This  first  publication  estimates  thè  parameters 
of  niche-overlap  and  of  niche-breadth  on  thè  basis  of  various  indiees  ohtained  from 
measurements  taken  with  regard  to  two  niche  dimensions:  soil  inoisture  content, 
depth  of  maximum  root  mass;  hereafter:  root  depth.  The  applied  niche  hreadth  indiees 
and  functions,  respectively,  are  as  follows:  Evenness  calculated  on  thè  basis  of  Shan- 
non’s  formula  (//,);  Colwell  —  Futuyma’s  formula  (1971)  based  on  Shannon’s  for¬ 
mula  (C/ ^j);  Pielou’s  (1972)  two  formulas  for  thè  average  breadth  h/(b)  and  for  thè 
weighted  breadth  u/h/(b);  Levins’s  (1968)  Br  Overlap  formulas:  Horn’s  (1966)  R /„•; 
Whittaker  —  Fairbanks’s  (1958)  C/,,-;  Levins’s  (1968)  a/,/  and  a,/,  competition  coef- 
ficients;  thè  Euclidean  distance  (Orlóci  1967d);  finally,  thè  D-value.  By  means  of 
thè  weights  calculated  with  thè  Colwell—  Futuyma  metliod,  thè  basic  values  were 
transformed  to  thè  calculation  of  also  other  index  values. 

In  both  dimensions,  thè  LEVlNS-type  B,  all  other  measurements  estimated 
in  thè  best  way  (judging  from  thè  rank  correlations  according  to  values).  The  different 
nature  of  thè  measurements  is  indicated  by  thè  fact  that  in  many  cases  it  is  not  thè 
various  weighted  measurements  which  show  agreement,  but,  for  example,  a  weighted 
formula  with  a  non-weighted  one  of  other  origin.  As  was  expectable,  Pielou’s  weighted 
measurements  showed  sensitivity  to  thè  relative  frequency  of  thè  species,  while  thè 
measurement  of  Colwell  and  Futuyma  to  thè  categories. 

The  overlap  measurement  R ^  of  FIorn  gave  a  high  value  in  much  more  of  thè 
cases  than  did  thè  measurement.  The  average  overlap  value  in  thè  case  of  soil 
moisture  content  was  thè  highest  in  Festuca  vagì  nata,  while  thè  lowest  in  Fumana 
procumbens ;  in  thè  case  of  thè  root  depth,  thè  average  overlap  value  of  Thymus  sp. 
is  tlie  highest,  and  again  that  of  Fumana  is  thè  lowest.  According  to  thè  combinations 
of  categories.  Festuca  stands  at  thè  beginning  of  thè  order,  while  Fumana  stands 
at  thè  end. 

The  niche-values,  according  to  categories  in  combination,  and  also  thè  com¬ 
munity  and  species  effeets  which  can  be  read  from  thè  community  matrix,  are  similar 
to  thè  pattern  shown  by  root  depths. 


Introduction 

The  amalgamation  of  thè  various  niche  conceptions  (Grinnell  1917, 
Elton  1927,  Dice  1952,  Clarke  1954,  etc.)  and  thè  foundation  of  a  generai 
niche  theory  are  due  to  Hutchinson  (1957).  The  known  theory  —  which 
characterizes  and  formulates  thè  populations  by  means  of  “dimensions” 
indicated  by  (relevant)  factors  providing  thè  conditions  of  their  existence  and 
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survival  and  by  ineans  of  hyperspaces  marked  by  thè  dimensions  —  origin- 
ated  in  zoo-ecology.  Its  wide  spread  there  has  been  supported  by  its  concur- 
rence  and  intertwining  with  cornpetition  theory. 

The  present  survey  does  not  lay  claim  to  provide  a  complete  picture  of 
either  thè  development  of  thè  niche  theory,  of  thè  overwhelmingly  zoo-ecologi- 
cal  results  of  an  experimental  research  adequate  to  thè  theory,  mainly  because 
there  are  satisfactory  summaries  available  for  thè  purpose  (cf.  Miller  1967, 
Levins  1968,  Pianka  1972,  Yandermeer  1972,  Maguire  1973,  Colwell- 
Fuentes  1975,  Pielou,  1975).  Our  aim  is  to  analyse  some  of  thè  aspects 
and  problems  of  thè  plant-ecological  application  of  thè  niche  conception. 


It  is  surprising  to  what  extent  plant  ecology  has  neglected  thè  interpretation  of  niche 
relations  of  species  to  our  very  ciays.  The  position  of  thè  populations  within  thè  community 
on  thè  environmental  continuum,  or,  for  example,  life  functions  of  shorter  periods,  or  thè 
distribution  of  thè  seasonal  rhythm  according  to  species  on  thè  time  axis,  were  interesting 
for  thè  ecologists  in  thè  majority  of  thè  cases  not  because  of  considerations  like,  for  example, 
detecting  how  they  make  coexistence  possible.  A  great  number  of  traditional  community- 
phenological  descriptions  are  satisfied  with  confining  themselves  to  a  mere  registration  of 
thè  phenomenon  examined  and  they  do  not  even  make  an  attempt  to  approach  thè  various 
phenomena  from  an  aspect  of  coexistence.  The  examination  of  intercommunity  behaviour 
of  thè  species  studied  from  one  of  thè  aspects  of  habitat  have  ever  been  a  more  attractive 
field  of  research  (Whittaker  —  Levin  —  Root  1973).  (Here  we  think  of  thè  great  number 
of  works  referring  to  thè  “ecological  indicator”  role  of  thè  species,  according  to  which  thè 
species  on  thè  scale  of  habitats  lie  on  thè  gradients  of  thè  various  factors,  thus  distinguishing 
and  indicating  certain  grades.)  Phytocenology  and  thè  related  applied  Sciences  (among  others 
thè  science  of  arboriculture)  describe  many  interesting  examples  of  phenomena  which  might 
be  adequately  discussed  by  means  of  thè  niche  theory.  Let  us  take,  for  example,  thè  sharp 
segregation  of  tree  species  according  to  soil  types  on  thè  northern  boundary  of  thè  European 
deciduous  forest  zone.  This  is  nothing  but  a  niche  question.  The  cornpetition  of  linden,  oak, 
and  maple  with  thè  conifers  on  some  sand  or  grave  soil  there  is  already  in  favour  —  as  a 
result  of  thè  climatic  background  —  of  thè  latter  trees;  on  thè  other  hand,  thè  conifers  are 
excluded  on  a  loess  soil  rich  in  nutrients. 

The  fundamental  niche  (thè  “virtual  niche”)  of  thè  niche  theory  is  to  be  considered 
as  pre-competitive  (in  thè  conception  of  thè  zoologist  Vandermeer,  1972,  it  is  to  be  placed 
at  thè  niche-breadth  where  thè  density  dependence  of  thè  population  is  not  yet  operative, 
as  against  thè  so-called  first  partial  niche  which  corresponds  to  thè  intraspecific  cornpetition). 
Unfortunately,  plant-ecology  is  stili  rather  far  from  liaving  developed  more  or  less  uniform 
inethods  of  studying  thè  fundamental  niche,  for  thè  very  reason,  for  example,  because  it  is 
more  difficult  for  thè  population-biological  view  to  gain  ground  in  plant  ecology  than  in  zoo- 
ecology.  Undoubtedly,  siinpler  organisms  (for  example  algae)  are  more  ideal  subjects  to 
become  familiar  with  thè  fundamental  niche  (cf.  Castenholz  1968)  than  organisms  of  a 
higher  order.  Relatively  simple  experiments  are  also  suitable  for  a  comparison  between 
fundamental  and  realized  niches.  An  example  of  this  is  Moore’s  work  (1959),  in  which  he 
presents  thè  separation  of  thè  realized  niches  of  two  Eucalyptus  species  with  similar  fundamen¬ 
tal  niches;  thè  results  also  represent  thè  confirmation  of  Park’s  Tribolium  experiments  on 
plant  objects.  The  application  of  selective  herbicides  represents  an  advancement  not  only 
technically  —  thè  selective  removai  of  competitiors  —  as,  for  example,  thè  experiments  of 
Putwain  —  Harper  (1970)  on  related  Rumex  species.  Kruckeberg  (1954)  examined  ser¬ 
pentine  plants  on  thè  basis  of  related  principles.  By  elaborating  and  applying  transplanta- 
tion  techniques,  he  pointed  out  that  thè  fundamental  niche  of  thè  serpentine  species  (in  rela¬ 
tion  to  soil  factors)  is  wider  than  that  of  thè  co-existing  non-serpentine  species  (cf.,  recently, 
Woodell- Mooney  1975);  their  ecological  niche  narrows  down  only  under  thè  effect  of 
competitors.  Tadros  (1957)  demonstrated  thè  sarae  on  two  species  of  a  genus  ( Emmeranthe ), 
one  of  which  had  a  serpentine  habitat.  The  analysis  of  such  extreme  ecological  situations  is 
obviously  a  fruitful  task  since  thè  number  of  possible  factors  is  reduced.  Incidentally,  thè 
contrasting  of  thè  fundamental  behaviour  of  thè  species  of  their  precompetitive  tolerance, 
with  thè  ecological  niche  is  a  possibility  which  has  hardly  been  exploited  yet.  Apparently, 
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thè  wide  ainplitudes  of  physiological  tolerance  do  not  in  a  number  of  cases  imply  thè  great 
breadth  of  thè  realized  niche.  The  great  tolerance  of  Typha  angustifolia  -  in  isolation 
towards  thè  wide  scale  of  salt  concentration  solved  in  thè  soil  is  accompanied  by  weak  com¬ 
petitive  abilities;  this  is  why  thè  physiologically  “generalist”  plant  becomes  an  ecological 
specialist  of  disjunct  areas.  This  example  is  at  thè  same  time  analoguous  with  that  of  thè 
above  serpentine  species.  On  thè  other  hand,  a  suitable  physiological  specialization  to 
saltless  water  —  makes  thè  related  Typha  latifolia ,  according  to  thè  experiments  of  McMillan 
(1959),  though  not  an  ecological  generalist,  stili  a  species  of  wide  range. 

An  important  parameter  of  niche  is  thè  volume  (niche  breadth).  and  thè  overlap  of 
niche,  between  two  populations  (Levins  1968).  An  increase  in  thè  overlap  of  niche  would 
indicate  thè  extent  of  thè  joint  use  of  resources,  thè  sharpening  of  thè  competition;  for  its 
right  estimation  thè  demand/supply  ratio  of  thè  populations  must  be  considered  (Pianka 
1972);  this  again  implies  thè  knowledge  of  thè  physiological  background.  It  is  imaginable  that 
in  green  plants  thè  overlap  of  niche  occurs  in  certain  dimensions  without  thè  competitive 
exclusion  taking  place.  Significant  overlaps  may  come  into  existence  at  even  identical  vegeta- 
tion  levels  (for  example,  on  thè  light  axis;  cf.  Kallis  —  Tooming  1975).  We  must  agree  with 
Whittaker  (1965)  that  partial  competition  may  be  a  generai  phenoinenon  in  thè  plant  com¬ 
munity;  in  such  cases,  although  thè  species  are  in  competition  for  basic  physiological  factors, 
nevertheless  —  as  a  result  of  fine  requirement-shifts  in  them  under  thè  effect  of  other  fac¬ 
tors  —  their  coexistence  is  possible.  It  seems  an  important  circumstance  that  thè  “acquisi- 
tion”  of  thè  indispensable  limiting  materials  and  energy  in  plants  takes  place  from  more  sources 
and  with  thè  aid  of  various  mechanisms  (see  light,  C02,  water,  nutrient)  than  in  thè  case 
of  heterotrophs.  Coexistence  is  an  important  and  determining  phenomenon  in  thè  plant  com¬ 
munity,  which  is  determined  by  thè  partitioning  of  resources,  as,  for  example,  thè  very  impor¬ 
tant  partitioning  in  time,  see  for  example  Fekete  -  Szujkó-Lacza  (1973).  Here  we  refer  to 
Harper  —  Chatsworth’s  1963,  Trifolium  repens  and  Tr.  fragiferum  experiments;  Janzen 
1967,  and  Smythe  1970,  bring  thè  coexistence  of  tropical  forests  in  connexion  with  thè  fine 
shifts  occuring  in  thè  seasonal  rhythin,  florescence,  fruit  ripening,  etc.  Tliese  flowering  and 
fruiting  patterns  —  as  is  apparent  from  thè  works,  for  example,  of  Frankie  Baker  Opler 
1974,  and  from  those  of  other  —  imply  in  many  cases  an  interaction  between  plant  and  animai: 
thè  minimum  overlap  of  thè  periods  of  florescence  is  created  by  thè  competition  for  thè 
“services”  of  birds  carrying  out  pollination).  In  certain  cases,  thè  populations  might  be 
limited  by  nutrient  supply,  but  this  limitation  cannot  become  prevalent  (and  so  no  com¬ 
petitive  exclusion  Comes  into  existence)  since  another  factor  (for  example  thè  grazing  activity 
of  an  herbivorous  animai  species)  Controls  thè  populations  (Harper  1969).  Despite  these 
considerations  meriting  caution,  information  on  thè  niche  volumen  of  populations,  on  thè 
overlap  of  populations  in  pairs,  etc.,  seems  to  have  a  perspective.  One  can  attain  with  various 
experimental  techniques  that  thè  fundainental  and  thè  realized  niche  breadths  and  thè  over¬ 
laps  related  to  various  dimensions  can  be  measurcd  by  different  plant  responses.  So  did,  for 
example,  Pickett  —  Bazzaz  (1976)  who  could  demonstrate  in  annual  species  that  on  thè 
arising  of  thè  competition  thè  population  centres  “recede”  from  one  another  on  thè  niche 
axis,  as  a  result  of  which  their  coexistence  becomes  possible. 

Hardly  any  study  is  known  which  could  convincingly  define  thè  niche-liypervolume 
of  thè  population  in  thè  community.  Indeed,  thè  elaboration  of  an  adequate  alternative 
strategy  making  it  possible  for  responsible  niche  dimensions  to  be  included  into  thè  examina- 
tions  is  stili  pending.  By  examining  thè  convertibility  of  thè  community,  Juhàsz-nagy 
(1968)  presented  thè  method  of  selecting  thè  relevant  factor  and  its  experimental  evidence 
as  well.  We  must  agree  with  McNaughton  —  Wolf’s  view  (1973),  according  to  which  thè 
species  carry  on  thè  competition  not  for  thè  regulators  but  for  thè  resources.  Even  though, 
for  example,  thè  pH  as  an  ecological  factor  in  a  given  case  seems  relevant,  one  has  to  took 
for  thè  factor  (thè  nutrient  factor)  which,  as  regards  competition  —  in  thè  last  analysis  develop- 
ing  thè  volume  of  thè  niches  in  thè  community  —  is  in  interaction  with  thè  pH  (for  example, 
thè  easily  absorbalde  phosphorus).  There  is  no  prediction  in  relation  to  thè  question  of  thè 
number  of  dimensions  necessary  for  thè  niches  to  separate.  According  to  thè  experiences 
of  Rogers  and  King  (1972),  Agrostis  species  related  to  one  another  separate  well  in  already 
two  dimenions.  Whittaker  (1975)  believes  that  in  a  semi-desert  community  three  dimensions 
are  already  enough  to  segregate  thè  species  well.  In  generai,  thè  included  -  detected  niche- 
dimensions  are  abiotical  environmental  factors;  sometimes  they  are  biotic;  thirdly,  as  in 
Whittaker  mentioned  above,  they  are  of  thè  plant  response  type  (for  example,  seasonal 
rhythm).  A  characteristic  synthesis  of  thè  various  conceptions  is  represented  by  thè  proposi- 
tion  of  thè  botanist  Wuenscher  (1969);  according  to  him,  all  points  of  thè  niche  can  be 
considered  as  a  vector  which  contains  —  besides  thè  measurements  of  tlie  environmental 
factors  —  thè  responses  given  to  these  factors  measurable  in  physiological  functions. 
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The  most  important  advancement  in  recent  years  have  probably  taken  place  in  rela¬ 
tion  to  thè  technical  treatment  of  thè  niche  hypervolume.  The  first  exainples  are  related 
to  zoo-ecology.  Green  (1971)  applied  a  multiple-discriminant  analysis  for  thè  investigation 
of  niche-separation  in  bivalve  molluscs;  Shugart  —  Patten  (1972)  investigated  thè  habitat 
preference  of  Fringillidae  by  means  of  D2-analysis. 

For  thè  niche-characterization  of  undergrowth  plants,  Fekete  (1974)  applied  measure- 
ments  which  were  carried  out  in  6  dimensions;  he  examined  thè  correlation  matrices  of  thè 
physical  factors  by  means  of  factor  analysis.  The  configuration  of  thè  factor-scores  in  thè 
factor  space  takes  a  characteristic  form  per  species,  while  in  thè  case  of  a  similar  configura- 
tion,  a  time  axis  —  on  which  each  of  thè  values  of  thè  relative  growth  rate  of  two  popula- 
tions  are  indicated  may  play  a  separating  role. 

The  niche  conception  is  relevant  also  to  thè  autotrophous  level  to  thè  species  diversity 
of  thè  community,  and  not  only  to  thè  heterotrophous  level  (MacArthur  1957,  MacArthur 
Levins  1967,  etc.).  The  species  diversity  of  animai  communities,  composed  of  stable  popula- 
tions  consisting  of  taxonomically  related  species  for  example  that  of  nesting  birds  of  forests — 
supports  thè  random  non-overlapping  niche  hypothesis  (broken  stick  model)  proposed  by 
MacArthur.  It  was  Whittaker’s  (1965)  important  article  to  point  out,  as  thè  first,  that,  as 
a  result  of  thè  generai  phenomenon  of  dominance,  thè  niche  space  partitioning  in  thè  plant 
community  takes  probably  a  different  pattern  than  those  which  are  followed  in  certain  ani¬ 
mai  communities;  at  least  it  follows  several  models  (resource  partitioning  models,  Pielou  1975). 
The  classified  abundancies  of  thè  species  —  or  other  measurements,  as  for  example  producti- 
vity  —  take  a  pattern  according  to  thè  geometrical  series  (niche  preemption  model)  in  communi¬ 
ties  which  are  composed  of  species  small  in  number,  in  a  more  rigorous  environment  (for  exam¬ 
ple,  in  initial  old  field  communities;  Whittaker  1972).  In  a  more  optimal  environment,  in 
communities  ridi  in  species,  thè  species  abudandancies  can  be  considered  as  a  lognormal  va- 
riable,  which  is  an  indication  of  thè  fact  that  a  certain  representation  of  thè  populations  is 
formed  by  a  combined  effect  of  many  independent  factors  which  influence  thè  species 
differently  and  multiplicatively.  MacNaughton  —  Wolf  (1970)  develop  thè  conception 
further  and  point  out  that  in  thè  plant  communities  thè  situatoli  is  different  as  to  relative 
abundances.  According  to  them,  thè  exclusions  that  have  taken  place  in  thè  zones  of  over- 
lapping  are  indicated  by  thè  fact  that  in  thè  categories  of  low  relative  abundance  we  can  find 
more  species,  while  in  thè  categories  of  high  relative  abundace  fewer  species  are  to  be  found, 
than  expected,  and  that  therefore  thè  adjustment  of  tlie  experienced  relative  frequencies 
to  thè  lognormal  distribution  is  not  satisfactory.  The  overlapping  niche-hypothesis  of  Mac¬ 
Arthur  (1957)  —  in  which  thè  niche  measurements  of  thè  populations  is  proportional  to  thè 
distance  between  2  random  points  on  thè  line  —  was  checked  by  Pielou  (1975)  on  species 
which  show  zonation  phenomena  along  thè  environmental  gradien.  She  pointed  out  that 
thè  zone  breadths  of  thè  plant  populations  examined  are  considerably  more  even  than  indicated 
by  thè  model.  The  authors  referred  to  above,  and  others,  called  in  any  case  attention  to  thè 
interrelations  between  species-diversity  and  resource-diversity  and  especially  by  thè  analysis 
of  thè  equitability  coinponent  (Lloyd  Ghelardi  1964).  Since  thè  theory  created  thè 
technical  possibility  of  controlling,  for  example,  a  hypothesis  according  to  which  each  of 
thè  species  in  a  community  is  mutually  exclusive  (e.g.  each  of  thè  populations  uses  its  environ¬ 
ment  so  that  it  will  be  unaccessible  to  thè  other  species),  concrete  examinations  have  also 
been  launched.  concerning  e.g.  nutrient  limitations  (carnivorous  versus  herbivorous  insects; 
cf.  Pulliam  —  Odum  -  Barrett  1968).  As  a  result  of  this,  thè  theory  found  its  way  of  applica¬ 
tion  also  in  plant  community  analyses.  Ares  (1972),  Ares  —  Leon  (1972)  for  example  drew 
conclusions  from  thè  values  of  biomass-diversity-equitability  on  thè  extent  of  niche  separa- 
tion  during  succession,  by  setting  thè  liiniting  resources  at  different  levels.  Here  also.  thè 
applied  model  presupposes  that  limitation  takes  effect  in  one  diinension  only. 

The  niche  conception  in  plant  ecology  receives  acceptance  —  sporadically  —  in  thè 
terrain  of  tolerance  ecology  and  community  structure  (community  diversity).  Owing  to  thè 
causes  mentioned  above,  not  very  much  could  be  done  with  it  in  relation  to  population  dynam¬ 
ics.  On  thè  other  hand,  important  dynamical-ecological  problems,  such  as  thè  question  of 
succession,  cannot  do  without  thè  niche  conception  simply  because  thè  fate  of  thè  popula¬ 
tions  is  decided  in  tlie  niche  intersections.  Even  rough  approximations  (cf.  MacNaughton  — 
Wolf  1970)  suggest  that  niche  paraineters  in  plant  communities  (for  example,  breadths) 
are  sensitive  to  composition  and  species  number.  In  thè  field  of  zoo-ecology,  in  tropical  bird 
communities  rich  in  species,  Cain  (1969)  submits  thè  explanation  of  thè  narrow  niche  breadth 
of  thè  species.  Pielou  (1975)  leaves  thè  question  open  in  connection  with  thè  richness  in 
species  of  thè  tropical  plant  communities,  namely,  whether  it  is  thè  decrease  in  thè  average 
niche  volumes  or  thè  increase  in  thè  average  niche  overlapping  which  gives  thè  right  explana¬ 
tion.  We  consider  it  likely  that  thè  narrowing  down  of  thè  niche  breadths  of  thè  populations 
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is  a  tendency  which  is  valid  also  in  succession,  since  in  multi-specific  biotically  stressed  com- 
munities  thè  populations  are  forced  —  owing  to  interspecific  competition  —  to  function  on 
thè  restricted  physiological  scale,  that  is  around  thè  optimum.  It  seems  a  justifiable  hypothesis 
that  at  thè  end  of  thè  succession  series  thè  overlap  of  a  species  pair,  its  relative  position  in 
thè  hyperspace,  will  be  different  from  that  is  thè  initial  stage  of  thè  succession,  if  they  exist 
in  both  phases.  By  means  of  thè  niche  conception  we  can  approach  questions,  as  for  example, 
why  a  population  falls  out  at  one  point  of  thè  succession  series  and  why  another  is  able  to 
infiltrate  a  developing  community;  or  why  thè  infiltration  has  taken  place  as  a  kind  of  sub- 
stitution  for  thè  one  which  has  fallen  out,  or  because  of  an  expanding  hyperspace  for 
example,  thè  arising  of  new  niche  axes. 


The  more  thè  hypotheses  and  speculations,  thè  less  thè  objective  measure- 
ments — these  are  characteristics  of  studies  discussing  ecological  niche.  Thanks 
to  some  few  exceptional  authors,  we  have  lately  been  enabled  to  choose  some 
feaw  niche  measurements.  The  aim  of  this  paper  is  to  evaluate,  by  means 
of  various  indices,  thè  results  of  objective  measurements  carried  out  in  thè 
chosen  plant  community  with  regard  to  thè  niche  volumen  of  thè  population, 
thè  niche  overlaps,  thè  distance  (separation)  of  thè  niche  centres,  etc.,  and  also 
by  making  comparisons  between  results  related  to  identical  parameters  obtain- 
ed  by  different  methods.  Accordingly,  this  first  part  of  thè  series  of  our  papers 
is  rather  methodological  in  nature;  a  more  objective  centred  assessment  of 
thè  niche  relations  of  thè  species  in  thè  community  will  be  made  in  subsequent 
parts  of  thè  paper  series. 


Material  and  method 

The  species  examined  and  methods  of  their  measuring 

The  plant  community  selected  for  investigation  was  thè  calciphilous  perennial  dry 
sandy  grassland  ( Festucetum  vaginatae  danubiale ;  cf.  Soó  1957).  A  nice,  wide-ranging  stand 
of  this  community  was  chosen  from  those  along  thè  Tece  brook  near  thè  village  Vàcràtót 
(about  30  km  N-NE  from  Budapest),  cf.  Kàrpàti,  I.  Kàrpàti,  V.  (1954). 

The  monthly  averages  of  temperature  and  thè  sum  of  precipitation  of  thè  nearest 
Meteorological  Station  (Vàc,  1976): 

I.  II.  III.  IV.  V.  VI.  VII.  Vili.  IX.  X.  XI.  XII. 
temperature ,  °C  0.5  0.6  2.4  11.2  15.4  18.7  21.5  17.7  14.6  11.0  6.3  0.1 

precipitation ,  mm  58  6  17  69  22  29  51  18  124  75  63  119 

The  semi-closed  sandy  grassland  consists  of  many  species  of  Continental,  Pontic, 
Ponto-Pannonian  Hemicryptophytes,  Therophytes,  and  of  some  Chamaephyte  life-form. 
A  list  of  thè  flora  runs  as  follows:  Achillea  ochroleuca ,  Alkanna  tinctoria ,  Alyssum  gmelini , 
Andropogon  ischaemum ,  Arenaria  serpyllifolia ,  Bromus  tectorum ,  Carex  liparicarpos ,  C.  prae- 
cox ,  C.  stenophylla ,  C.  supina ,  Centaurea  arenaria ,  Cerastium  semidecandrum ,  Corispermum 
nitidum ,  Cynodon  dactylon ,  Equisetum  ramosissimum ,  Erophila  verna ,  Euphorbia  seguieriana , 
Festuca  vaginata ,  F.  ivagneri ,  Fumana  procumbens ,  Galium  verum ,  Holosteum  umbellatum , 
Kochia  laniflora ,  Koeleria  glauca ,  Linaria  genistifolia ,  Medicago  minima ,  Minuartia  verna , 
Onosma  arenaria ,  Plantago  indica ,  Poa  bulbosa ,  Polygonum  arenarium ,  Salsola  kali ,  Secale 
silvestre ,  Silene  otites ,  Stipa  joannis ,  Syrenia  cana ,  Thymus  sp .,  Tragus  racemosus.  Veronica 
verna ,  Cladonia  foliacea ,  Cl.  furcata ,  Cornicularia  tenuissima ,  Syntrychia  ruralis. 

On  8  June  1976,  two  characteristics  have  been  measured  with  regard  to  thè  most 
frequent  10  species  ( Festuca  vaginata ,  Medicago  minima ,  Thymus  sp Fumana  procumbens , 
Euphorbia  seguieriana ,  Carex  stenophylla ,  Minuartia  verna ,  Cynodon  dactylon ,  Equisetum  ramo- 
sissimum ,  Centaurea  arenaria)  of  mass  occurrence  in  thè  community. 
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The  most  important  environmental  factor  in  thè  given  conditions  was  undoubtedly 
water.  Accordingly,  we  measured  thè  moisture  content  of  thè  soil  with  thè  aid  of  a  portable 
instrument  operating  on  thè  basis  of  electrolyte  conductivity.  The  electrodes  were  stuck 
into  thè  soil  in  contact  with  thè  rhyzosphere  of  thè  species  exainined;  thè  values  of  conductivity 
directly  read  from  instrument,  in  mS.  After  a  preliminary  calibration  of  thè  instrument  (on 
a  series  of  sand  samples  with  known  water  content),  thè  relationship  between  thè  moisture 
content  of  thè  sand  soil  and  its  conductivity  —  in  thè  0—10%  range  of  thè  relative  moisture 
content  —  appeared  to  he  linear;  in  order  to  avoid  errors  that  may  arise  during  recalcula- 
tion,  we  continued  working  with  thè  mS  values  even  in  thè  later  phases  of  work.  It  should 
he  noted  that  thè  actual  water  content  was  at  only  a  3  —  4%  maximum  even  after  rainy  days. 

The  other  characteristic  could  be  measured  on  thè  plant  itself:  thè  depth  at  which 
thè  maximum  root  mass  (that  of  thè  absorbing  roots)  of  thè  individuala  examined  developed. 
This  characteristic  is  thus  in  connection  with  thè  use  and  partitioning  of  space. 

The  number  of  measurements  was  not  identical  in  relation  to  thè  various  species; 
thè  number  of  thè  individuals  examined  approximately  reflects  thè  relative  frequency  of 
thè  species  in  thè  stand. 

For  thè  calculations  thè  data  in  relation  to  both  thè  moisture  content  of  thè  soil 
and  to  thè  depth  of  thè  maximum  root  mass  (for  thè  sake  of  simplicity  hereinafter:  root 
depth)  —  were  later  included  in  groups  of  five,  as  follows: 


Table  1 


Categorie s  set  up  on  thè  two  coordinates 


— — Category 

Niche-axis 

1 

2 

3 

4 

5 

Moisture  content  of  thè  soil  (mS) 

Root  depth  (cm) 

.1  .29 

2-3.9 

.3— .49 

4-5.9 

.5  — .69 

6-7.9 

.7— .89 

8-9.9 

.9- 

10- 

It  may  seem  arbitrary  that,  as  in  usuai  in  such  cases  (cf.  Colwell — Futuyma  1971) 
5  grades  have  been  set  up  for  each  of  thè  factors,  but  thè  number  of  thè  measurement  data  and 
their  distribution  suggest  thè  formatimi  of  nearly  that  many  categories. 

The  niche  measurements  applied 

In  surveying  thè  various  measurements  used  for  thè  estimation  of  niche  breadths 
and  overlap,  thè  following  scheme  may  prove  useful: 
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By  dividing  thè  values  obtained  on  thè  niche  axis  into  categories,  we  can  determine 
thè  frequency  of  thè  species  in  thè  various  categories,  this  is  thè  basis  of  thè  calculation  of 
thè  various  measurements. 


The  measurements  applied  for  thè  estimation  of  niche  breadth 

(a)  Measurements  related  to  information  theory 

These  measurements  originate  from  Shannon’s  function-ineasuring  diversity  (or  they 
theinselves  are  thè  SiiANNON-function).  On  thè  question  of  ineasuring  diversity,  Peet  (1974), 
Nosek  (1976)  and  others  submitted  a  survey.  According  to  thè  Shannon  function  H  = 
c 

=  —  pij  lg  pij;  thè  probability  of  thè  species  occurring  in  thè  various  categories  should 

be  estimated  as  Pij=fij/fi •  In  place  of  this  diversity  function,  evenness  is  applied:  ///lg  c, 
i.e.  thè  diversity  value  is  divided  by  thè  logarithm  of  thè  number  of  categories.  In  our  paper 
this  is  indicateci  as  Hp 

For  a  better  estimation  of  thè  niche  breadth  and  of  thè  overlap,  Colwell  and  Futuyma 
(1971)  suggested  that  thè  various  categories  of  resource  States,  and  thè  species  composition 
of  thè  communities  utilizing  them  (that  is,  thè  distribution  according  to  categories  of  thè 
occurring  species  —  thè  heterogeneity  of  thè  rnatrix)  be  used  for  thè  calculation  of  weighting 
factors  ( dj ).  These  weight  values  express  thè  degree  of  distinctness  of  thè  categories.  The 
originai  rnatrix  can  at  a  later  phase  be  extended  to  a  greater  category  number.  if  it  is  chosen 
appropriately.  In  our  case,  we  chose  this  k  to  be  100.  By  multiplying  it  with  a  standardizing 
k 

factor  — — r — ,  thè  niche  breadths  denoted  below  Cpw  is  calculated  by  thè  weighting  factors 

lg  k 

on  thè  basis  of  Shannon’s  function  from  thè  transformed  probability  values,  as 


ci;w  —  — Ygjr  y  d^p*ij  lg  p*ij  * 


Pielou  (1967)  justifiably  criticizes  thè  use  of  Shannon  function;  she  suggests  Bril- 
louin’s  function  instead.  Pielou  (1972)  estimates  thè  niche  breadth  from  thè  decomposed 


which  is  calculated  from  thè  rxc  table.  The  value  of  H j  can  be 


1  /../ 

value  of  Ht  =  j — hjjjp  - 

divided  into  pairs  of  components  in  two  ways: 

(i)  by  breaking  it  down  into  thè  average  niche  breadths  (hfb))  of  thè  species  or  into 
thè  weighted  average  niche  breadths  (uf7i,(6))  and  thè  species  diversity  of  thè  entire  collection; 

(ii)  or  by  giving  thè  species  diversity  in  categories;  Pielou  (1972)  considers  thè  cat¬ 
egories  as  niche  overlap,  while  thè  diversity  as  categories. 

(6)  Levins  (1968)  worked  out  an  index  for  thè  estimation  of  niche  breadth: 


Bi 


1 


±'PÌj 


Measurements  applied  for  thè  estimation  of  niche  overlap 


(a)  Measurements  related  to  thè  information  theory 

Horn  (1966)  suggests  in  his  study  (after  mentioning  Morisita’s  index)  thè  following 
formula: 


R0  —  Rtf  — 


Hpbs.  Hm/n. 

Hmax.  -"m/n. 


where  H0f)S%  =  observed,  /fmin.  =  minimum,  Hmax  =  maximum  entropy. 

In  our  opinion,  this  equation  can  be  used  for  thè  estimation  of  thè  overlap  of  even 
more  than  two  species. 

In  thè  foregoing,  we  have  already  mentioned  Pielou’s  method  (1972)  in  which  she 
considered  thè  diversity  of  thè  categories  as  a  measure  of  thè  overlap. 
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(6)  An  overlap  index  related  to  thè  examination  of  competition  has  been  worked  out  by 
Levins  (1968).  For  thè  approximation  of  thè  values  of  a  and  fi  (competition  coefficients) 
occurring  in  thè  known  Lotka  — Volterra  equations,  he  suggested  thè  following  formula: 

“  =  <*«  =  —PhjPijl—Phi  and  P  =  *ih  =  —PhjPij/^'P'ij 

where  a /,/  refers  to  thè  effect  of  species  i  on  species  h ,  while  a/^  estimates  thè  effect  of 
species  h  on  species  i. 

The  values  of  thè  two  a  are  identical  when  thè  niche  breadth  of  thè  two  species  is  identica!.. 

(c)  Similarity  (ecological  similarity)  indices  were  used  by  Schoener  (1970)  who  applied  thè 

Chi  =  1  1/2  |  Phj  ~  Pij  I  index  worked  out  by  Wwittaker  —  Fairbanks  (1958). 

(d)  For  thè  estimation  of  thè  overlap,  Levins  (1968)  suggests  thè  determination  of  thè  geo¬ 
metrie  distance.  In  our  study,  we  calculated  thè  Euclidean  distance  between  thè  species, 
on  thè  basis  of  normalized  vectors  (Orlóci,  1967).  The  distance  named  by  him  as  chord  dis¬ 
tance  will  hereinafter  be  denoted  by  d ;  its  maximum  value  is  1.41,  its  minimum  is  0.  The 
greater  thè  d  between  two  species,  thè  smaller  thè  overlap  may  be  and  vice  versa. 

(e)  For  measuring  thè  distance  between  thè  niche  centres  of  thè  species,  Shugart  and 
Patten  (1972)  applied  thè  D2  statistics.  Our  paper  gives  thè  value  of  D  related  to  some 
species  pairs. 

By  means  of  niche  breadth  and  overlap,  measurements  enumerated  above  as 

Hi,  hj(b),  uji^b ),  C(.w,  B(  Rfii'  Uhi  anci  ai7b  ^7 ih 

and  by  means  of  thè  d-value,  we  perforined  two  kinds  of  calculation: 

(i)  with  thè  originai  data,  when  no  syinbol  w  occurs  with  thè  measurements; 

(ii)  with  thè  values  re-calculated  by  means  of  thè  weights  given  by  Colwell— 
Futuyma,  which  is  indicated  by  thè  Symbol  w  accompanying  thè  measurement.  —  An  ex- 
ception  is  Pielou’s  function,  where  thè  weighting  was  made  in  thè  way  given  by  her,  and 
where  also  her  designation  was  taken  over. 

The  parameter  values  of  breadth  and  overlap  are  estimated  by  thè  enumerated  measure¬ 
ment,  both  separately  as  to  dimension  and  in  combinations.  according  to  thè  combined  cat- 
egories  of  thè  two  dimensions. 


Results  and  discussion 

Niche  breadth 

The  distribution  of  thè  species  (basic  data)  according  to  thè  categories 
of  soil  moisture  contents  and  their  niche  breadths  per  these  dimensions  —  cal- 
culating  by  thè  measurements  mentioned  above  —  is  shown  in  Tables  2  —  5 
and  19 — 20.  The  measurements  are  of  different  origins  —  as  has  been  indicat¬ 
ed  —  therefore  no  identical  values  could  he  expected.  The  weighting  mentioned 
(cf.  thè  methods  of  Colwell  and  Futuyma,  and  Pielou)  has  obviously  changed 
thè  values  even  in  thè  case  of  calculating  thè  measurements  by  thè  identical 
method.  It  appears  in  Table  6,  however,  where  thè  arrangement  of  thè  species 
is  given  according  to  thè  various  measurements,  tliat  Festuca  has  thè  greatest 
niche  breadths,  whichever  of  thè  measurements  is  used.  The  narrowest  niche 
breadth  belongs  to  Equisetum  ;  with  thè  exceptionof  twocases,  viz.  Ujh^b)  and 
Bj.w,  it  is  thè  last  one  in  thè  order  of  sequence. 

On  thè  basis  of  tbe  preceding  Table  (6),  we  calculated  thè  rank  cor- 
relation  between  measurements  (see  Table  7).  H(  —  with  thè  exception  of 
indices  Hiw  and  Biw  —  showed  a  significant  positive  correlation  with  all 
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Table  2 


Distribution  of  species  frequency  in  thè  categories  of  soil  moisture  content 


mS 

Species 

0.10—0.29 

0.30—0.49 

0.50—0.69 

0.70—0.89 

0.90— 

Sum 

Festuca 

6 

6 

4 

3 

1 

20 

Medi  cago 

1 

3 

6 

2 

0 

12 

Thymus 

3 

4 

4 

0 

1 

12 

Fumana 

0 

1 

2 

2 

6 

11 

Euphorbia 

1 

1 

1 

3 

5 

11 

Carex 

4 

4 

2 

1 

0 

11 

Minuartia 

1 

4 

3 

0 

0 

8 

Cynodon 

2 

1 

2 

0 

0 

5 

Equisetum 

2 

2 

0 

0 

0 

4 

Centaurea 

1 

0 

1 

1 

0 

3 

Sum 

21 

26 

25 

12 

13 

97 

Table  3 


Species  niche  breadths  and  overlap 
Soil  moisture  content 


Festuca 

Medica¬ 

io 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minu-  [ 
artia 

_ 1 

Cynodon 

Equise-  | 

tum 

Centau¬ 

rea 

Festuca 

0.918 

0.962 

0.883 

0.916 

0.641 

0.749 

0.968 

0.858 

0.893 

0.832 

0.856 

Medicago 

0.839 

0.744 

0.783 

0.827 

0.598 

0.620 

0.860 

0.884 

!  0.841 

0.586 

0.821 

Thymus 

0.915 

0.744 

0.798 

0.859 

0.577 

0.625 

0.888 

0.934 

0.940 

0.790 

0.633 

Fumana 

0.595 

0.363 

0.584 

0.727 

0.458 

0.934 

0.471 

0.453 

0.418 

0.219 

0.525 

Euphorbia 

0.698 

0.429 

0.637 

0.956 

0.847 

0.599 

0.601 

0.474 

0.524 

0.439 

0.690 

Carex 

0.928 

0.850 

0.818 

0.286 

0.414 

0.783 

0.773 

0.882 

0.915 

0.878 

0.797 

Minuartia 

0.804 

0.662 

0.859 

0.251 

0.334 

0.863 

0.608 

0.635 

0.898 

0.750 

0.564 

Cynodon 

0.862 

0.814 

0.884 

0.238 

0.350 

0.920 

0.892 

0.655 

0.633 

0.757 

0.721 

Equisetum 

0.810 

(  0.587 

0.761 

0.115 

0.305 

0.887 

0.744 

0.802 

0.431 

0.421 

0.399 

Centaurea 

,  0.844 

1 

0.830 

0.590 

0.362 

1  0.535 

0.815 

0.556 

0.708 

0.456 

0.682 

0.676 

In  thè  main  diagonal  thè  upper  value  is  H( ,  thè  lower  value  is  H(.w. 
In  thè  right  semimatrix  R^,  in  thè  left  semimatrix  Rhi-W 
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measurement.  Index  Hiw.  is  in  thè  strongest  positive  correlation  with  index 
Biw.  A  strong  positive  correlation  cari  be  detected  between  Pielou’s  functions. 
It  is  interesting  that  Ciw  is  in  a  reliable  correlation  with  thè  non-weighted 
other  measurements,  except  for  Ujhfb).  Index  Bf  is  in  a  significant  correlation 
with  all  other  measurement  implying  that  Levin’s  formula  approximates  thè 
other  measurements  well.  Index  Bt ■  which  is  also  Levins’s  formula,  though 

Table  4 


Species  niche  breadth  and  overlap  on  thè  basis  of  indices  C/.w,  Chi  and  chi,w 

Soil  moisture  content 


Festuca 

Medi- 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minu¬ 

artia 

Cynodon 

Equise¬ 

tum 

Centau¬ 

rea 

Festuca 

0.947 

|  0.683 

0.805 

0.472 

0.475 

0.875 

0.625 

0.700 

0.600 

0.655 

Medicago 

0,644 

j  0.825 

0.667 

0.440 

0.435 

0.605 

0.708 

0.683 

0.315 

0.583 

Thymus 

0.791 

0.592 

0.914 

0.355 

0.360 

0.770 

0.790 

0.785 

0.583 

0.590 

Fumana 

0.347 

0.213 

0.335 

0.914 

0.815 

0.363 

0.265 

0.272 

0.090 

0.365 

Euphorbia 

0.424 

0.299 

0.359 

0.879 

0.947 

0.370 

0.273 

0.275 

0.185 

0.455 

Carex 

0.813 

0.593 

0.678 

0.213 

0.239 

i  0.842 

0.670 

0.745 

0.725 

0.610 

Minuartia 

0.554 

0.695 

0.676 

0.114 

0.138 

0.630 

0.771 

0.700 

0.625  1 

0.458 

Cynodon 

0.653 

0.621 

0.696 

0.113 

0.138 

0.762 

0.682 

0.793 

0.600  ; 

0.665 

Equisetum 

0.559 

0.338 

0.525 

0.038 

0.098 

0.745 

0.581 

0.658 

0.727  i 

0.335 

Centaurea 

0.636 

0.579 

0.527 

0.176 

0.259 

0.635 

0.437 

0.646 

0.380  | 

0.821 

In  thè  main  diagonal  CI;U;,  in  thè  right  semi-matrix  C ftl-,  in  thè  left  semimatrix  Chi:w 


Table  5 


Species  niche  breadths  on  thè  basis  of  Pielou  s  function 


Root  depth 

Soil  moisture  content 

ht(b ) 

uihi(b ) 

hi(b> 

'Hhi(b) 

Festuca 

0.363 

0.075 

0.526 

0.108 

Medicago 

0.346 

0.043 

0.395 

0.049 

Thymus 

0.370 

0.046 

0.428 

0.053 

Fumana 

0.202 

0.023 

0.375 

0.043 

Euphorbia 

0.424 

0.048 

0.440 

0.049 

Carex 

0.306 

0.035 

0.412 

0.047 

Minuartia 

0.113 

0.009 

0.306 

0.025 

Cynodon 

0.295 

0.152 

0.295 

0.015 

Equisetum 

0.150 

0.006 

0.194 

0.008 

Centaurea 

0.000 

0.000 

0.259 

0.008 
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Table  6 


Species  niche  breadths  sequence 
Soil  moisture  coment 


w 

M<0 

»M*>) 

Q;  t« 

Bf,  w 

Festuca 

1 

1 

1 

1 

1.5 

1 

1 

Medicago 

5 

3 

5 

3.5 

6 

6 

3 

Thymus 

3 

2 

3 

2 

3.5 

2 

2 

Fumana 

6 

9 

6 

6 

3.5 

8 

10 

Euphorbia 

2 

8 

2 

3.5 

1.5 

3.5 

9 

Carex 

4 

4 

4 

5 

5 

3.5 

4 

Minuartia 

9 

6 

7 

7 

9 

9 

6 

Cynodon 

8 

7 

8 

8 

8 

7 

7 

Equisetum 

10 

10 

10 

9.5 

10 

10 

8 

Centaurea 

7 

1 

5 

9 

9.5 

7 

5 

5 

Table  7 

Rank  correlations  between  thè  niche  breadth  measurements 
Soil  moisture  content 
(see  Table  6) 


*  significant  at  5% 
**  at  1% 

***  at  0.1%  level 


with  weighted  values,  is  in  correlation  only  with  Hinì  and  with  thè  non- 
weighted  originai  formula. 

The  basic  data  and  thè  niche  breadths  related  to  root  depths  are  given 
per  measurements  in  Tables  5,  8,  10  and  21 — 22.  Considering  thè  arrangement 
of  thè  species  (Table  11),  Euphorbia  has  thè  greatest  niche  breadth  by  almost 
all  thè  measurements.  Centaurea  has  thè  narrowest  niche  breadth,  as  it  occurred 
only  in  one  category.  Minuartia  and  Equisetum  occurred  most  frequently  as 
9  and  8  in  thè  order. 
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Table  8 


Distribution  of  species  frequency  in  thè  root  depth  categories 


cm 

Species 

2.0— 3.9 

4.0— 5.9 

6.0— 7.9 

8.0— 9.9 

10.0— 

Sum 

Festuca 

1 

9 

9 

1 

0 

20 

Medicago 

6 

4 

2 

0 

0 

12 

Thymus 

4 

5 

3 

0 

0 

12 

Fumana 

0 

0 

0 

3 

8 

11 

Euphorbia 

0 

1 

3 

4 

3 

11 

Carex 

6 

4 

1 

0 

0 

11 

Minuartia 

7 

1 

0 

0 

0 

8 

Cynodon 

0 

2 

2 

0 

1 

5 

Equisetum 

0 

3 

1 

0 

0 

4 

Centaurea 

0 

0 

3 

0 

0 

3 

Sum 

24 

29 

24 

8 

12 

97 

Table  9 


Species  niche  breadths  and  overlaps 
Root  depth 


Festuca 

Medi¬ 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minuar¬ 

tia 

Cynodon 

Equise¬ 

tum 

Centau¬ 

rea 

Festuca 

0.682 

0.633 

0.690 

0.983 

0.090 

0.536 

0.642 

0.396 

0.736 

0.905 

0.764 

Medicago 

0.761 

0.518 

0.630 

0.976 

0.000 

0.264 

0.994 

0.906 

0.474 

0.596 

0.367 

Thymus 

0.868 

0.978 

0.637 

0.669 

0.000 

0.332 

0.956 

0.807 

0.586 

0.732 

0.494 

Fumana 

0.111 

0.000 

0.000 

0.277 

0.439 

0.790 

0.000 

0.000 

0.456 

0.000 

0.000 

Euphorbia 

0.622 

0.371 

0.434 

0.739 

0.764 

0.802 

0.219 

0.048 

0.793 

0.459 

0.521 

Carex 

0.702 

0.991 

0.952 

0.000 

0.315 

0.463 

0.567 

0.928 

0.420 

0.558 

0.247 

Minuartia 

0.374 

0.852 

0.736 

0.000 

0.111 

0.887 

0.144 

0.323 

0.133 

0.186 

0.000 

Cynodon 

0.834 

0.640 

0.733 

0.349 

0.762 

0.637 

0.220 

0.682 

0.655 

0.785 

0.600 

Equisetum 

I 

0.925 

0.743 

0.838 

0.000 

0.605 

0.822 

0.294 

0.853 

0.365 

0.349 

0.499 

Centaurea 

0.758 

0.448 

0.554 

0.000 

0.578 

0.309 

0.000 

0.636 

0.470 

0.000 

0.000 

In  thè  main  diagonal  thè  upper  value  is  H(  u„  thè  value  below  is  Hp  In  thè  right  semi- 
matrix  u>,  in  thè  left  semimatrix  R /„• 
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Table  10 


Species  niche  breadths  and  overlaps  on  thè  basis  of  C,,w .  Cu  and  Chì:w 

Root  depths 


Festuca 

Medi¬ 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minuar¬ 

tia 

Cynodon 

Equise¬ 

tum 

Centau¬ 

rea 

Festuca 

0.834 

0.550 

0.717 

0.050 

0.413 

0.505 

0.175 

0.800 

0.700 

0.450 

Medicago 

0.418 

0.858 

0.833 

0.000 

0.257 

0.924 

0.625 

0.500 

0.500 

0.167 

Thymus 

0.585 

0.833 

0.684 

0.000 

0.340 

0.788 

0.458 

0.650 

0.667 

0.250 

Fumana 

0.047 

0.000 

0.000 

0.788 

0.545 

0.000 

0,000 

0.200 

0.000 

0.000 

Euphorbia 

0.389 

0.182 

0.265 

0.580 

0.914 

0.181 

0.090 

0.563 

0.340 

0.272 

Carex 

0.376 

0.886 

0.791 

0.000 

0.127 

0.842 

0.670 

0.455 

0.455 

0.091 

Minuartia 

0.157 

0.739 

0.573 

0.000 

0.059 

0.782 

0.766 

0.125 

0.125 

0.000 

Cynodon 

0.672 

0.321 

0.488 

0.327 

0.622 

0.278 

0.064 

0.858 

0.650 

0.400 

Equisetum 

0.675 

0.321 

0.487 

0.000 

0.294 

0.278 

0.060 

0.590 

0.753 

0.250 

Centaurea 

0.458 

0.178 

0.199 

0.000 

0.228 

0.062 

0.000 

0.360 

0.278 

0.586 

In  thè  main  diagonal  Cj.w,  in  thè  right  semimatrix  C^,  in  thè  left  semimatrix  C^.^, 


Table  11 


Species  niche  breadths  sequence 
Root  depth 


Index 

Species 

Hi 

H{;tv 

hi(b) 

Q;  tv 

Bi 

B{\  tv 

Festuca 

4 

2 

3 

2 

5 

5 

3 

Medicago 

5 

5 

4 

5 

2.5 

4 

5 

Thymus 

2 

4 

2 

4 

9 

2 

4 

Fumana 

7 

8 

7 

7 

6 

7 

8 

Euphorbia 

1 

1 

1 

3 

1 

1 

1 

Carex 

6 

6 

5 

6 

4 

6 

6 

Minuartia 

9 

9 

9 

8 

7 

9 

9 

Cynodon 

3 

3 

6 

1 

2.5 

3 

2 

Equisetum 

8 

7 

8 

9 

8 

8 

7 

Centaurea 

10 

10 

10 

10 

10 

10 

10 

The  rank  correlation  coefficients  calculated  between  thè  measurements 
(Table  12)  now  show  a  different  picture  from  that  in  Table  7  (soil  moisture 
content).  Index  jB,  is  in  a  positive  correlation  of  some  strength  with  each  of 
thè  others  also  now,  and  even  Biw  shows  thè  same  connection.  We  cannot 
draw  an  unambiguous  conclusion  from  thè  two  Tables  (7  and  12). 
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Table  12 

Rank  correlations  betiveen  thè  niche  breadth  measurements 
Root  depth 
(see  also  Table  11) 


For  remarks  see  Table  7 


Niche  overlap 

The  overlaps  calculated  by  means  of  thè  various  measurements  ( Chi, 
Chi  w ,  Rhi  and  Rhiw)  occuring  between  thè  species  are  to  be  found  in  Tables  3, 
4,  9  and  10.  In  Tables  13  and  14,  also  thè  Euclidean  distances  ( d )  calculated 
between  thè  pairs  of  species  are  given. 


Table  13 


The  Euclidean  distance  (d)  between  thè  species 
Soil  moisture  content 


Festuca 

Medi¬ 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minuar¬ 

tia 

Cynodon 

Equise¬ 

tum 

I  Centau¬ 
rea 

Festuca 

0.662 

0.398 

0.884 

1.001 

0.199 

0.854 

0.493 

0.534 

0.489 

Medicago 

0.758 

0.527 

1.090 

1.116 

0.766 

0.508 

0.617 

1.089 

;  0.715 

Thymus 

0.420 

0.731 

1.069 

1.089 

0.415 

0.348 

0.380 

0.685 

0.912 

Fumana 

1.121 

1.313 

1.003 

0.296 

1.228 

1.189 

1.225 

1.337 

1.144 

Euphorbia 

1.050 

1.296 

1.030 

0.136 

1.208 

1.218 

1.203 

1.239 

1.019 

Carex 

0.334 

0.821 

0.570 

1.362 

1.304 

0.567 

0.481 

0.373 

0.816 

Minuartia 

0.715 

0.553 

0.586 

1.350 

1.348 

0.660 

0.648 

0.781 

1.044 

Cynodon 

0.520 

0.742 

0.531 

1.368 

1.333 

0.413 

0.701 

0.764 

0.677 

Equisetum 

0.553 

1.102 

0.728 

1.396 

1.341 

0.324 

0.839 

0.614 

1.087 

Centaurea 

0.654 

0.751 

0.914 

1.326 

1.248 

0.739 

1.065 

0.716 

0.893 

In  thè  right  semi-matrix  thè  values  calculated  from  thè  non-weighted  data,  in  thè 
left  semi-matrix  thè  values  calculated  from  thè  weighted  data 
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Table  14 


The  Euclidean  distance  (d)  betueen  thè  species 
Root  depth 


Festuca 

Medi¬ 

cago 

Thymus 

Fumana 

Euphor- 

bia 

Carex 

Minuar-  j 

tia 

Cynodon 

Equise¬ 

tum 

Centau¬ 

rea 

Festuca 

0.864 

0.567 

1.395 

0.972 

0.952 

1.283 

0.355 

0.471 

0.771 

Medicago 

1.054 

0.332 

1.414 

1.244 

0.133 

0.511 

0.965 

0.904 

!  1.211 

Thymus 

0.812 

0.282 

1.414 

1.153 

0.417 

0.825 

0.701 

0.624 

1.073 

Fumana 

1.403 

1.414 

1.414 

0.759 

1.414 

1.414 

1.173 

1.414 

1.414 

Euphorbia 

1.079 

1.343 

1.277 

0.582 

1.294 

1.397 

0.872 

1.166 

0.993 

Carex 

1.099 

0.079 

0.328 

1.414 

1.366 

0.461 

1.041 

0.933 

1.313 

Minuartia 

1.267 

0.271 

0.547 

1.414 

1.409 

0.243 

1.346 

1.316 

1.414 

Cynodon 

0.600 

1.221 

1.037 

0.956 

0.739 

1.254 

1.388 

0.560 

0.816 

Equisetum 

0.520 

1.169 

0.943 

1.414 

1.225 

1.182 

1.369 

0.723 

1.169 

Centaurea 

0.711 

1.295 

1.164 

1.414 

1.091 

1.353 

1.414 

0.869 

1.136 

In  thè  right  semi-matrix  thè  values  calculated  from  non-weighted  data,  in  thè  left 
semi-matrix  thè  values  calculated  form  thè  weighted  data 


The  average  overlaps  for  thè  various  species  (thè  average  of  thè  overlaps 
occurring  between  thè  given  species  and  all  thè  other  species)  were  also  deter- 
mined.  Tables  15  and  16  contain  thè  order  of  these  averages.  The  values  d 
were  similarly  treated  (Tables  15  and  16). 

Table  15 


Species  average  niche  overlap  order 
Soil  moisture  content 


Species 

c  1 

Chi 

_ 1 

Cai;  u> 

Rhi 

» 

d * 

d *;  w 

Festuca 

1 

1 

1 

1 

1 

1 

Medicago 

5 

5 

4 

5 

5 

7 

Thymus 

3 

3 

3 

2 

2 

2 

Fumana 

10 

10 

10 

10 

10 

10 

Euphorbia 

9 

9 

8 

9 

9 

9 

Carex 

2 

2 

2 

3 

3 

3 

Minuartia 

7 

6 

6 

6 

6 

6 

Cynodon 

4 

4 

5 

4 

4 

4 

Equisetum 

8 

8 

9 

8 

8 

5 

Cent  aurea 

6 

7 

7 

7 

7 

8 

*  Starting  from  thè  smallest  distance 


5* 
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Table  16 

Species  average  niche  overlap  sequence 
Root  depth 


Measurement 

Species 

chi 

ChC  w 

Km 

rmì  *® 

d* 

d*;  w 

Festuca 

2 

3 

2 

2 

3 

4 

Medicago 

3 

2 

3 

3 

2 

2 

Thymus 

1 

1 

1 

1 

1 

1 

Fumana 

10 

10 

10 

10 

10 

10 

Euphorbia 

7 

7 

7 

7 

7 

8 

Carex 

5 

5 

5 

5 

5 

3 

Minuartia 

8 

8 

9 

9 

8 

6 

Cynodon 

4 

4 

4 

4 

4 

5 

Equisetum 

6 

6 

6 

6 

6 

7 

Centaurea 

9 

9 

8 

8 

9 

9 

*  Starting  from  thè  smallest  distance 

On  thè  basis  of  thè  average  overlaps  —  with  regard  to  soil  moisture 
content  —  Festuca  stands  at  thè  first  place  by  all  thè  measurements,  which 
means  that  it  has  great  overlaps  with  most  of  thè  species.  On  thè  other  hand, 
thè  average  overlap  of  Euphorbia  and  Fumana  is  thè  smallest.  The  reversed 
order  of  sequence  classification  of  thè  d-values  supports  what  has  been  said  in 
thè  foregoing. 


Table  17 

Distribution  of  thè  niche  overlap  and  d-values 
Soil  moisture  content 


*  The  starting  values  of  thè  classes  are  indicated;  0.0  represents  interval  0.00  —  0.09  etc. 
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Table  18 


Distribution  of  thè  niche  overlap  and  d-values 
Rooth  depth 


Class* 

Measurement 

1.4 

1.3 

1.2 

l.i 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

CHi 

1 

2 

3 

5 

6 

6 

2 

4 

5 

11 

Chi-  w 

2 

3 

3 

4 

4 

6 

6 

5 

12 

Rhi 

4 

7 

8 

5 

2 

3 

5 

2 

2 

7 

Rhì;  » 

7 

1 

6 

3 

5 

6 

3 

3 

2 

9 

d 

7 

5 

4 

4 

2 

6 

4 

3 

1 

3 

3 

2 

0 

1 

0 

d ;  w 

9 

5 

6 

4 

5 

1 

2 

2 

3 

1 

3 

0 

1 

3 

0 

1 

*  See  Table  17 


By  examining  thè  order  of  rank  of  thè  measurements  in  thè  case  of  maxi¬ 
mum  root  depths  (Table  16),  Thymus  takes  thè  first  place  and  Fumana  again 
thè  last  one. 
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Fig.  2.  Relationship  between  and  Root  depth 
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Fig •  3.  Relationship  between  Rhi  and  Rhi;w‘  S°il  moisture  content 
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Fig.  4.  Relationship  between  values  d  and  dw.  Soil  moisture  content 


Fig.  5.  Relationship  between  values  d  and  dw.  Root  depth 
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All  thè  rank  correlation  coefficients  between  thè  various  measurements 
and  thè  d  and  du,  values  are  above  0.9. 

Among  thè  Chi  indices  thè  most  frequent  is  thè  0.6  value  overlap,  while 
among  thè  Rhi  functions  thè  0.8  overlap;  in  cTs  thè  most  frequent  values  are 
and  1.3,  in  thè  case  of  soil  moisture  content  (Table  17). 

In  thè  case  of  root  depths,  thè  0  overlap  value  is  thè  most  frequent  in 
Chi  indices.  Among  thè  Rhi'9 s,  in  non-weighted  cases,  thè  overlap  values  are 
thè  most  frequent  in  thè  0.7 — 0.8  and  0  categories,  while  in  weighted  cases 
in  thè  0.7  and  0  categories.  The  d  values  show  a  maximum  in  thè  1.4  category, 
which  corresponds  to  thè  0  overlap  (Table  18). 

In  thè  case  of  soil  moisture  content,  an  approximately  linear  correlation 
exists  between  Rhi  and  cMtW  (Fig.  1).  Similarly,  there  is  a  linear  correlation 


Fig.  6.  Relationship  between  Rhi  and  d.  Root  depth 


Fig.  7.  Relationship  between  R^w  and  dw.  Root  depth 
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Fig.  8.  Relationship  between  Rhi  and  d.  Soil  moisture  content 


between  Rhi  and  RhitW,  and  also  between  thè  d — dw  values  (Figs  2 — 5).  By 
examining  any  one  of  thè  factors,  a  curvilinear  relationship  is  obtained  between 
Rhi  and  d  (Figs  6 — 9)  and  this  is  valid  also  when  thè  categories  of  soil  moisture 
content  and  root  depth  are  calculated  in  combination.  No  explanation  could 
be  found  in  respect  of  this  relationship. 

On  thè  basis  of  thè  a12  and  a21  values  (Tables  19,  20,  21  and  22),  which 
represent  thè  community  matrices,  thè  species  effect  and  thè  community  effect 
were  calculated  (Tables  23  and  24;  cf.  Vandermeer  1972). 

In  thè  case  of  soil  moisture  content,  thè  species  effect  calculated  by  using 
thè  unweighted  and  thè  weighted  data  showed  a  very  different  ordering  of 
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thè  species.  There  is  no  good  agreement  in  thè  sequence  of  thè  species  with 
regard  to  community  effect  either,  if  we  compare  thè  weighted  and  thè  non- 
weighted  indices.  What  can  be  inferred  is  that  Fumana  and  Euphorbia  have 

Table  19 


Community  matrix 
Soil  moisture  content 
( on  thè  basis  of  non-weighted  values ) 


Festuca  , 

Medi¬ 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minuar¬ 

tia 

Cynodon 

Equise¬ 

tum 

Centau¬ 

rea 

Festuca 

4.081 

0.918 

1.003 

0.482 

0.557 

1.095 

1.071 

1.061 

1.224 

0.884 

Medicago 

0.648 

2.880 

0.780 

0.414 

0.349 

0.654 

0.930 

0.816 

0.480 

0.720 

Thymus 

0.843 

0.929 

3.429 

0.467 

0.416 

0.935 

1.107 

1.028 

1.000 

0.667 

Fumana 

0.318 

0.387 

0.366 

2.689 

0.866 

0.222 

0.305 

0.244 

0.122 

0.326 

Euphorbia 

0.446 

0.396 

0.396 

1.054 

3.271 

0.351 

0.297 

0.297 

0.297 

0.495 

Carex 

0.877 

0.743 

0.892 

0.270 

0.351 

3.271 

0.966 

0.952 

1.189 

0.694 

Minuartia 

0.646 

0.795 

0.795 

0.280 

0.224 

0.727 

2.461 

0.738 

0.769 

0.410 

Cynodon 

0.722 

0.787 

0.833 

0.252 

0.252 

0.808 

0.833 

2.778 

0.833 

0.741 

Equisetum 

0.600 

0.333 

0.583 

0.091 

0.182 

0.727 

0.625 

0.600 

2.000 

0.333 

Centaurea 

0.650 

0.750 

0.583 

0.364 

0.454 

0.636 

0.500 

0.800 

0.500 

3.000 

In  thè  main  diagonal  B,-,  in  thè  upper  semi-matrix  al2,  in  thè  lower  semi-matrix 
value  a21 


Table  20 


Community  matrix 
Soil  moisture  content 
( on  thè  basis  of  iveighted  values ) 


Festuca 

Medi¬ 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minuar-  ( 
tia 

Cynodon 

Equise¬ 

tum 

Centau¬ 

rea 

Festuca 

4.4189 

0.8418 

0.9512 

1.5725 

0.6792 

1.1257 

0.9576 

1.1158 

1.2815 

0.9629 

Medicago 

1.6609 

3.1605 

0.6536 

0.1940 

0.2092 

0.6596 

0.9207 

0.7920 

0.4993 

0.7405 

Thymus 

0.8567 

1.2147 

3.9809 

0.7727 

0.7309 

0.9367 

1.0123 

1.0469 

1.0430 

0.6668 

Fumana 

0.5592 

0.0965 

0.3051 

1.5711 

0.9013 

0.0517 

0.0692 

0.0487 

0.0251 

0.0868 

Euphorbia 

0.2932 

0.1263 

0.3502 

1.0939 

1.9076 

0.1160 

0.0816 

0.0946 

0.0992 

0.1751 

Carex 

0.7962 

0.6524 

0.7355 

0.1616 

0.1901 

3.1259 

0.8443 

0.9941 

1.2129 

0.7465 

Minuartia 

1.7554 

0.7658 

0.6685 

0.1819 

0.1125 

0.7100 

2.6288 

0.7461 

0.7466 

0.4017 

Cynodon 

1.5196 

0.6531 

0.6854 

0.0808 

0.1293 

0.8288 

0.7396 

2.6062 

0.9382 

0.6932 

Equisetum 

0.5622 

0.3063 

0.5079 

!  0.0310 

0.1008 

0.7522 

0.5506 

0.6979 

1.9387 

0.4304 

Centaurea 

0.6403 

0.6885 

0.4922 

0.1622 

0.2698 

0.7017 

0.4490 

0.7817 

0.6524 

2.9386 

In  thè  main  diagonal  values  Bi  w;  see  also  Table  19 
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Table  21 


Community  matrix 
Root  depth 

(on  thè  basis  of  non-weighted  values) 


Festuca 

Medi¬ 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minuar¬ 

tia 

Cynodon 

Equise-  ' 
tum 

Centau¬ 

rea 

Festuca 

2.4390 

0.6098 

0.7724 

0.0332 

0.4434 

0.5654 

0.2439 

0.8780 

1.0976 

1.0976 

Medicago 

0.6428 

2.5713 

0.8928 

0.0000 

0.1949 

1.0519 

1.2322 

0.5143 

0.7501 

0.4286 

Thymus 

0.9122 

1.0000 

2.8802 

© 

ò 

o 

o 

o 

0.2837 

1.0256 

0.9899 

0.7681 

1.0801 

0.7200 

Fumana 

0.0225 

0.0000 

0.0000 

1.6575 

0.4931 

0.0000 

0.0000 

0.2412 

0.0000 

0.0000 

Euphorbia 

0.6286 

0.2621 

0.3406 

1.0287 

3.4575 

0.1999 

0.0394 

0.6916 

0.4716 

0.9429 

Carex 

0.5292 

0.9340 

0.8130 

0.0000 

0.1320 

2.2831 

1.1936 

0.4151 

0.6744 

0.2075 

Minuartia 

0.1280 

0.6133 

0.4399 

0.0000 

0.0146 

0.6691 

1.2799 

0.0640 

0.1201 

0.0000 

Cynodon 

1.0000 

0.5556 

0.7408 

0.4042 

0.5556 

0.5050 

0.1389 

2.7778 

1.1111 

1.1111 

Equisetum 

0.7200 

0.4667 

0.6000 

0.0000 

0.2182 

0.4726 

0.1501 

0.6400 

1.6000 

0.6944 

Centaurea 

0.4500 

0.1667 

0.2500 

0.0000 

0.2727 

0.0909 

0.0000 

0.4000 

0.2500 

1.0000 

In  thè  main  diagonal  values  see  Table  19 


Table  22 


Community  matrix 
Root  depth 

(on  thè  basis  of  weighted  data) 


Festuca 

Medi¬ 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex  | 

Minuar¬ 

tia 

Cynodon 

Equise¬ 

tum 

Centau¬ 

rea 

Festuca 

2.638 

0.521 

0.674 

0.021 

0.380 

0.484 

0.299 

0.770 

1.089 

1.213 

Medicago 

0.380 

1.922 

0.824 

0.000 

0.087 

1.041 

1.255 

0.204 

0.341 

0.225 

Thymus 

0.667 

1.118 

2.609 

0.000 

0.167 

1.151 

1.290 

0.431 

0.696 

0.522 

Fumana 

0.011 

0.000 

0.000 

1.378 

0.547 

0.000 

0.000 

0.369 

0.000 

0.000 

Euphorbia 

0.458 

0.143 

0.203 

1.260 

3.175 

0.090 

0.014 

0.749 

0.345 

0.721 

Carex 

0.324 

0.955 

,  0.778 

0.000 

0.050 

1.763 

1.211 

0.164 

0.310 

0.113 

Minuartia 

0.128 

0.739 

,  0.560 

0.000 

0.004 

0.777 

1.132 

0.022 

0.051 

0.000 

Cynodon 

0.873 

0.317 

0.494 

0.800 

0.705 

0.227 

0.059 

2.990 

0.990 

1.076 

Equisetum 

0.687 

0.295 

0.444 

0.000 

0.181 

0.292 

0.075 

0.550 

1.663 

0.457 

Centaurea 

0.460 

0.117 

,  0.200 

0.000 

0.227 

0.064 

0.000 

0.360 

0.275 

1.000 

In  thè  main  diagonal  values  B[  S3e  Table  19 


hardly  any  effect  on  thè  distribution  of  thè  other  species  according  to  soil 
moisture  content,  and  thè  other  species  have  no  influence  on  thè  distribution 
of  thè  two  species  ( Fumana  and  Euphorbia)  according  to  soil  moisture  content 
either. 
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As  regards  root  depth,  both  thè  species  effect  and  thè  community  effect 
show  thè  smallest  value  in  Fumana,  either  by  thè  weighted  or  by  thè  non- 
weighted  data.  The  situation  is  similar  also  here  to  that  in  thè  case  of  soil 

Table  23 

Species  effect  and  community  effect 
Soil  moisture  content 

Community  effect  j  Species  effect 


Calculated  on  thè  basis  of  data 


non-wei 

ighted 

weighted 

non-we 

ighted 

weighted 

Festuca 

0.639 

(7) 

1.054 

(i) 

0.922 

(i) 

0.960 

a) 

Medicago 

0.671 

(6) 

0.703 

(4) 

0.643 

(5) 

0.594 

(7) 

Thymus 

0.692 

(4) 

0.920 

(2) 

0.821 

(2) 

0.594 

(6) 

Fumana 

0.408 

(9) 

0.238 

(10) 

0.351 

(10) 

0.472 

(9) 

Euphorbia 

0.406 

(10) 

0.270 

(9) 

0.448 

(9) 

0.369 

(10) 

Carex 

0.684 

(5) 

0.704 

(3) 

0.771 

(3) 

0.654 

(4) 

Minuartia 

0.737 

(1) 

0.676 

(6) 

0.598 

(6) 

0.625 

(5) 

Cynodon 

0.726 

(2) 

0.696 

(5) 

0.674 

(4) 

0.702 

(3) 

Equisetum 

0.713 

(3) 

0.438 

(8) 

0.453 

(8) 

0.722 

(2) 

Centaurea 

0.586 

(8) 

0.537 

(7) 

0.582 

(7) 

0.545 

(8) 

The  rank  numbers  are  in  brackets 


Table  24 

Species  effects  and  community  effects 
Root  depth 

Species  effect  I  Community  effect 


Calculated  on  thè  basis  of  data 


non-we: 

ighted 

weighted 

non-we 

ighted 

weighted 

Festuca 

0.559 

(3) 

0.606 

(3) 

0.638 

(3) 

0.443 

(7) 

Medicago 

0.512 

(6) 

0.484 

(4) 

0.634 

(4) 

0.467 

(2) 

Thymus 

0.539 

(4) 

0.671 

(1) 

0.753 

(1) 

0.464 

(4.5) 

Fumana 

0.163 

(10) 

0.103 

(10) 

oo 

o 

© 

(10) 

0.231 

(10) 

Euphorbia 

0.290 

(9) 

0.443 

(5) 

0.512 

(6) 

0.261 

(9) 

Carex 

0.509 

(7) 

0.434 

(6) 

0.544 

(5) 

0.464 

(4.5) 

Minuartia 

0.443 

(8) 

0.253 

(8) 

0.228 

(8) 

0.467 

(3) 

Cynodon 

0.512 

(5) 

0.621 

(2) 

0.680 

(2) 

0.402 

(8) 

Equisetum 

0.617 

(1) 

0.331 

(7) 

0.440 

(7) 

0.455 

(6) 

Centaurea 

0.578 

(2) 

0.189 

(9) 

0.209 

(9) 

0.481 

(1) 

Rank  numbers  are  in  brackets 
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Table  25 


Distribution  of  species  frequencies  in  thè  categories  of  soil  moisture  content  and  root  depth 


mS 

0.1- 

-0.29 

0.30 

—0.49 

0.50 

—0.69 

0.70—0.89 

0.90- 

n.  cm 

1 

OS 

Os 

Os 

OS 

OS 

OS 

OS 

Os 

I  OS 

Os 

Os 

OS 

Os 

OS 

OS 

Os 

Os 

Os 

OS 

OS 

cò 

uó 

1 

op 

1 

eò 

i n 
| 

1 

cp 

i  *7 

in 

1 

1 

i 

i 

1 

in 

1 

1 

i 

1 

uó 

I 

1 

Os 

Species 

<M 

Tf 

i| 

00 

© 

1 

Tf 

J, 

00 

i 

2, 

1 

si 

ì 

i 

CSI 

SO 

co 

i 

SO 

i 

i 

Festuca 

4 

2 

3 

3 

1 

2 

1 

1 

2 

1 

Medicago 

1 

1 

1 

1 

5 

1 

2 

Thymus 

2 

1 

1 

2 

1 

1 

1 

2 

1 

Fumana 

1 

1 

1 

2 

2 

4 

Euphorbia 

1 

1 

1 

1 

1 

1 

1 

2 

2 

Carex 

1 

2 

1 

2 

2 

2 

1 

Minuartia 

1 

4 

2 

1 

Cynodon 

2 

1 

1 

1 

Equisetum 

2 

1 

1 

Centaurea 

1 

1 

1 

Sum 

4 

12 

5 

8 

10 

7 

1 

10 

3 

7 

3 

2 

2 

2 

4 

1 

3 

2 

1 

4 

6 

Fig.  10.  Position  of  thè  species  in  thè  System  of  co-ordinates  formed  by  thè  soil  moisture 

and  root  depth  axes 
Hatching  pattern  indicates  frequency 
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moisture  content:  thè  sequence  of  species  is  highly  deviating  in  a  comparison 
between  thè  weighted  and  thè  non-weighted  values;  this  holds  for  both  thè 
species  effect  and  thè  community  effect  (Table  24). 

The  species  frequency,  according  to  thè  combined  categories  of  soil 
moisture  content  and  root  depth  is  shown  in  Table  25  and  in  Fig.  10.  In  this 
case  we  only  worked  with  thè  originai  frequencies. 

Festuca  has  thè  greatest  niche  breadth,  while  Equisetum  has  thè  smallest 
one  (Table  26). 

The  average  of  thè  overlaps  calculated  by  using  measurement  Chi  and  Rhi 
gave  an  almost  identical  order.  The  value  of  Festuca  is  thè  greatest  also  in 
this  case.  The  smallest  value  occured  in  Fumana .  The  averages  of  thè  d-values 
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1 - 1 - 1 - 1 - 1 - 1  - 1 - 1 - 1 - 1 - 1 - 1 


Eauisetum  ramosissimum 


Centaurea  arenaria 


according  to  species  (Table  27),  or  more  exactly  thè  reversed  order  of  thè  cat- 
egory  numbers,  produced  an  order  very  near  to  that  of  thè  overlap  averages 
(Table  28). 

The  distribution  of  thè  overlap  values  (calculated  on  thè  basis  of  combined 
categories)  can  be  studied  on  two  measurements  ( Chi  and  RM)  (Table  29). 
In  both  of  them,  thè  value  0  is  thè  most  frequent,  where  thè  two  frequency 
distributions  are  rather  different.  In  any  case,  they  are  more  similar  to  thè 
distribution  according  to  root  depth  (Table  18)  than  to  that  according  to  soil 
moisture  content  (Table  17). 
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Table  26 


Niche  breadths  and  overlaps 
Combination  of  soil  moisture  content  and  root  depth 


Festuca 

Medi- 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minuar¬ 

tia 

Cynodon 

Equise¬ 

tum 

Centau¬ 

rea 

Festuca 

0.677 

0.421 

0.645 

0.069 

0.370 

0.520 

0.083 

0.638 

0.769 

0.643 

Medicaio 

0.332 

0.527 

0.642 

0.000 

0.088 

0.623 

0.394 

0.455 

0.521 

0.185 

Thymus 

0.516 

0.499 

0.664 

0.000 

0.120 

0.654 

0.573 

0.505 

0.579 

0.254 

Fumana 

0.050 

0.000 

0.000 

0.510 

0.648 

0.000 

0.000 

0.140 

0.000 

0.000 

Euphorbia 

0.323 

0.084 

0.133 

0.545 

0.666 

0.216 

0.000 

0.000 

0.159 

0.381 

Carex 

0.473 

0.432 

0.509 

0.047 

0.184 

0.588 

0.617 

0.279 

0.538 

0.191 

Minuartia 

0.050 

0.333 

0.374 

0.000 

0.000 

0.454 

0.377 

0.000 

0.000 

0.000 

Cynodon 

0.450 

0.249 

0.333 

0.091 

0.000 

0.182 

0.000 

0.414 

0.673 

0.262 

Equisetum 

0.500 

0.249 

0.333 

0.000 

0.091 

0.363 

0.000 

0.600 

0.323 

0.000 

Centaurea 

0.300 

0.084 

0.168 

0.000 

0.183 

0.093 

0.000 

0.200 

0.000 

0.341 

In  thè  main  diagonal  value  Hp  in  thè  upper  matrix  R^,  in  thè  lower  matrix  value  C„i 


Table  27 


The  Euclidean  distance  (d)  betiveen  thè  species 
Combination  of  soil  moisture  content  and  root  depth 


Medicago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minuar¬ 

tia 

Cynodon 

Equise¬ 

tum 

Centaurea 

Festuca 

1.212 

0.951 

1.396 

1.211 

0.996 

1.395 

1 

0.855 

0.724 

1.051 

Medi  cago 

0.550 

1.414 

1.350 

0.861 

0.988 

1.217 

1.200 

1.342 

Thymus 

1.414 

1.325 

0.838 

1.047 

1.053 

1.019 

1.206 

Fumana 

0.714 

1.414 

1.414 

1.362 

1.414 

1.414 

Euphorbia 

1.282 

1.414 

1.414 

1.338 

1.185 

Carex 

0.853  ; 

1.143 

0.936 

1.317 

Minuartia 

1.414 

1.414 

1.414 

Cynodon 

0.676 

1.250 

Equisetum 

1.414 

The  sequence  of  thè  niche  breadths,  calculated  on  thè  basis  of  index  Bt 
(Table  30),  shows  no  other  agreement  with  thè  order  according  to  thè  Hi 
function  than  thè  niche  breadth  of  Equisetum  being  thè  narrowest  also  by 
this  calculation. 

On  thè  basis  of  thè  community  matrix  (Table  30),  thè  community  effect 
is  thè  greatest  in  thè  case  of  Festuca  and  thè  smallest  in  Fumana .  The  species 
effect  is  thè  greatest  in  Equisetum  and  thè  lowest  in  Fumana  (Table  31). 
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Table  28 


Species  average  niche  overlap  order 
Combination  of  soil  moisture  content  and  root  depth 


Measurement 

Species 

Ch{ 

Khi 

d* 

Festuca 

1 

1 

1 

Medicago 

4 

4 

5 

Thymus 

2 

2 

2 

Fumana 

10 

10 

10 

Euphorbia 

7 

7 

7 

Carex 

3 

3 

3 

Minuartia 

8 

9 

8 

Cynodon 

6 

6 

4 

Equisetum 

5 

5 

6 

Centaurea 

9 

8 

9 

*  Starting  from  thè  smallest  distance 

Table  29 


Distribution  of  niche  overlap  values 
Soil  moisture  content  and  root  depth * 


Measurement 

Class* 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

CM 

j  ! 

4 

5 

8 

3 

5 

19 

Rm 

1 

9 

6 

2 

3 

4 

5 

15 

*  See  also  Table  17 

Table  30 


Community  matrix 

Combination  of  soil  moisture  content  and  root  depth* 


Festuca 

Medi¬ 

cago 

Thymus 

Fumana 

Euphor¬ 

bia 

Carex 

Minuar¬ 

tia 

Cynodon 

Equise¬ 

tum 

Centau¬ 

rea 

Festuca 

8.064 

0.395 

0.645 

0.040 

0.298 

0.620 

0.048 

1.048 

1.419 

0.798 

Medicago 

0.209 

4.273 

0.358 

0.000 

0.034 

0.512 

0.623 

0.286 

0.358 

0.119 

Thymus 

0.634 

0.666 

7.936 

0.000 

0.119 

0.714 

0.746 

0.658 

0.667 

0.444 

Fumana 

0.022 

0.000 

0.000 

4.504 

0.554 

0.000 

0.000 

0.081 

0.000 

0.000 

Euphorbia 

0.301 

0.065 

0.121 

1.000 

8.130 

0.195 

0.000 

0.000 

0.186 

0.487 

Carex 

0.493 

0.769 

0.577 

0.000 

0.153 

6.410 

0.940 

0.461 

0.871 

0.192 

Minuartia 

0.017 

0.424 

0.273 

0.000 

0.000 

0.427 

2.907 

0.000 

0.000 

0.000 

Cynodon 

0.541 

0.279 

0.345 

0.075 

0.000 

0.300 

0.000 

4.166 

1.041 

0.279 

Equisetum 

0.470 

0.224 

0.224 

0.000 

0.061 

0.363 

0.000 

0.668 

2.674 

0.000 

Centaurea 

0.297 

0.084 

0.168 

0.000 

0.180 

0.090 

0.000 

0.201 

0.000 

3.003 

*  See  also  Table  19 
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Table  31 


Species  effect  and  community  effect 
Combination  of  soil  moisture  coment  and  root  depth 


Species 

Species 

effect 

Community  effect 

Festuca 

0.332 

(4) 

0.590 

(i) 

Medicago 

0,323 

(5) 

0.278 

(5) 

Thymus 

0.301 

(6) 

0.516 

(2) 

Fumana 

0.124 

(10) 

0.073 

(10) 

Euphorbia 

0.155 

(9) 

0.262 

(6) 

Carex 

0.358 

(3) 

0.495 

(3) 

Minuartia 

0.262 

(7) 

0.127 

(8) 

Cynodon 

0.378 

(2) 

0.318 

(4) 

Equisetum 

0.505 

(1) 

0.223 

(7) 

Centaurea 

0.258 

(8) 

0.113 

(9) 

Rank  numbers  in  brackets 


Table  32 


D-analysis  results 


Medicago  | 

Thymus  1 

Fumana 

Euphorbia 

Carex 

Festuca 

0.611 

0.496 

1.508*** 

1.094** 

0.856* 

Medicago 

0.240 

1.632*** 

1.319** 

0.662 

Thymus 

1.491*** 

2.234*** 

0.281 

Fumana 

0.539 

0.821* 

Euphorbia 

2.267*** 

For  remarks  see  Table  7 


D-analysis  was  made  only  in  Festuca ,  Medicago,  Thymus,  Fumana , 
Euphorbia  and  Carex ,  on  thè  basis  of  soil  moisture  content  and  root  depth 
by  using  thè  originai  measureinent  data.  By  taking  into  consideration  thè 
two  characteristics  together,  it  can  be  stated  that  thè  distance  is  small  between 
thè  niche  centres  of  Festuca  —  Medicago  —  Thymus ,  Medicago  —  Carex — Thymus 
and  Fumana — Euphorbia  (Table  32). 
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Summary 

For  a  comparison  between  various  measurements  we  used  rank  cor- 
relations  of  thè  species  obtained  on  thè  basis  of  thè  above  mentioned  measures, 
Without  doubt,  thè  comparison  is  possible  also  in  other  ways.  For  example, 
thè  functions  Hf  and  Hiw,  according  to  thè  soil  moisture  content,  did  not 
correlate,  even  though  thè  differences  between  thè  value  pairs  according  to 
thè  two  functions  are  not  great.  It  can  be  attributed  to  thè  fundamental  dif¬ 
ferences  between  thè  measurement  that  in  many  of  thè  cases  it  is  not  thè 
various  weighted  measures  that  show  agreement  according  to  thè  correlations, 
but,  for  example,  a  weighted  measure  with  anunweighted  formula  of  other 
origin.  As  has  been  mentioned,  Levins’s  index  B(  estimates,  according  to  rank 
correlations,  thè  most  satisfactorily  all  breadth  orders  obtained  by  thè  other 
measurements  and  for  that  matter  in  both  niche  dimensions. 

In  thè  order  of  sequence  of  thè  PiELOU-type  weighted  niche  breadths, 
thè  value  between  thè  first  and  thè  last  species  deviates  with  one  order  of 
magnitude.  The  index  uz/iz(ò)  takes  dominance  into  consideration,  blurred  in 
thè  other  measurements. Thus  thè  PiELOU-type  weighting  is  sensitive  to  some- 
thing  else  than  that  of  thè  CoLWELL-FuTUYMA-type:  thè  former  to  species  re- 
presentation,  thè  latter  to  categories. 

The  deviating  nature  of  thè  various  measurements  manifests  itself  also 
in  thè  overlap-values.  This  is  well  reflected  from  thè  compilations  which  indicate 
thè  frequency  distribution  of  thè  overlap  values  (45 — 45)  according  to  thè 
various  measurements.  A  measurement  characteristic  is  for  example  that 
Horn’s  Rhi  (and  thè  R^f^)  give  a  high  value  (>  0.7)  in  considerably  more  cases 
than  do  thè  indices  Chi  (and  Chiw)  In  any  case,  all  measurements  give  thè  iden- 
tical  results  for  thè  average  overlap  value  (thè  overlap  average  of  one  species 
in  relation  to  all  thè  others),  it  being  thè  greatest  in  thè  case  of  Festuca ,  and 
thè  smallest  in  thè  that  of  Fumana,  on  thè  soil  moisture  content  axis.  On  thè 
root  depth  axis,  all  measurement  showed  thè  greatest  average  overlap  in 
Thymus,  and  thè  smallest  one  in  Fumana,  while,  according  to  thè  combined 
categories,  Festuca  is  at  thè  beginning  of  thè  sequence  and  Fumana  at 
its  end. 

The  two-dimensional  presentation  of  thè  niches  is  to  be  found  already 
in  Hutchinson’s  works  (1957,  1967),  but  thè  calculation  of  thè  parameters 
by  our  approach  (on  thè  basis  of  combined  categories)  has  hardly  any  previous 
example.  The  expression  of  breadth  and  overlap  according  to  factor  combina- 
tions  is  more  naturai  than  that  made  on  separate  axes,  for  it  is  likely  that 
thè  fitting  into  thè  community,  thè  competition  on  all  scales,  takes  place 
simultaneously  (if  they  are  indeed  relevant).  The  niche  breadths  according  to 
thè  combined  categories  mostly  follow  thè  pattern  of  niche  breadth  of  thè 
root  depths.  The  community  effect  calculated  on  thè  basis  of  thè  combined 
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categories  also  takes  an  almost  identical  pattern  with  root  depth.  The  sequence 
of  species  effect  is  also  similar  to  that  according  to  thè  root  depth. 

Following  from  thè  character  of  this  paper,  we  do  not  propose  to  discuss 
thè  analysis  of  thè  species  effect  and  community  effect  according  to  species 
or  niche  dimensions.  The  community  effect  directed  to  a  species  h  is  in  some 
way  dependent  on  thè  niche  breadth  of  thè  species  examined,  since 

*«  =  2  PhjPu  1 2  ph  =  2  PhjPu  •  b„ 

j  j  j 

where  Bh  is  thè  niche  breadth  (Levins,  1968).  The  values,  and  finally  thè 
community  effect  values,  depend  on  thè  magnitude  of  thè  values  ph  and  pi9 
but  mainly  on  their  distribution.  The  community  effect  can  be  very  low  for  a 
species  of  medium  niche  breadth  (for  example,  Fumana,  according  to  thè 
comhined  categories),  since  Fumana  is  an  “ecological  specialist”:  it  prefers 
categories  where  all  other  species  occur  only  with  a  small  frequency  (or  do 
not  at  all). 
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CLAVATOSPORA  FLAGELLATA  SP.  NOY. 

AN  AQUATIC  HYPHOMYCETE  FROM  HUNGARY 

By 

J.  Gonczol 

BOTANICAL  DEPARTMENT,  HUNGARIAN  NATURAL  IIISTORY  MUSEUM,  BUDAPEST 
(Received  November  17,  1976) 

Clavatospora  flagellata  sp.  nov.  is  described  from  swbmerged  decaying  leaves. 

The  development  on  its  naturai  substrate,  thè  seasonal  frequency  and  distribution 

of  thè  fungus  are  also  discussed  and  illustrated. 

The  conidia  of  thè  fungus  described  here  have  already  occurred  in  thè 
winter  foam-sample  collected  in  thè  upper  reach  of  thè  river-system  of  Morgó- 
brook  (Mts.  Borzsony,  Northern  Hungary)  under  study  for  some  years.  Dur- 
ing  thè  winter  investigations  in  1974,  a  few  skeletonized  leaves  were  collected 
with  a  fungus  growing  among  and  very  similar  to  thè  well-known  specirnens 
of  Alatospora  acuminata  Ingold. 

In  thè  same  period  of  thè  next  year,  more  leaf  material  could  be  collected 
and  thè  fungus,  known  until  then  by  its  conidia  only,  was  successfully  cultivat- 
ed  on  its  naturai  substrate  and  observed  during  its  development. 

Spore  production  of  thè  present  species  was  observed  on  submerged 
decaying  leaves  of  Fagus  silvatica ,  Carpinus  betulus  and  Quercus  sp.,  collected 
in  November,  December  and  January.  Skeletonized  leaves  were  placed  in 
Petri-dishes  filled  with  distilled  water,  and  in  an  aquarium  filled  with  brook 
water.  Both  thè  Petri-dishes  and  thè  aquarium  were  aeratcd  and  kept  about 
5°C.  In  thè  strongly  aerated  cultures,  thè  developing  specirnens  appeared  on 
thè  third  day.  Many  skeletonized  leaves  were  examined  during  thè  winter 
investigational  period  (November — January)  and  it  was  found  that  thè  present 
fungus  appeared  only  very  sparsely  on  each  leaf.  Almost  always  single  conidio- 
phores  were  to  be  seen  on  thè  leaves. 

The  present  fungus,  together  with  Monotosporella  tuberculata  Gònczòl 
described  recently,  is  one  of  thè  most  characteristic  species  of  thè  Aquatic 
Hyphomycetes  in  thè  montane  streams  of  thè  beech  region  in  Hungary.  This 
fungus,  similarly  to  Monotosporella  tuberculata ,  is  definitely  a  winter  species 
having  its  sporulation  peak  in  December — January  with  water  temperature 
about  0°C  (Gonczol,  1975). 

Clavatospora  flagellata  sp.  nov.  (Figs  1 — 2) 

Fungus  hyphis  hyalinis,  septatis,  ad  folia  putrida  in  aqua  submersa.  Conidiophora 
hyalina,  septata,  plerumque  brevissima,  15  —  25  (50)  X  3  —  3.5  pi n,  simplicia  vel  ramosa,  phia- 
lides  acrogenis  plerumque  2  vel  raro  3.  Conidia  (phialosporae)  hyalina,  cylindraceo-fusoidea. 
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aseptata,  rarius  1  —  3  septata,  23  — 26  (30)  X  3.5 —  4  in  apice  appendicibus  plerumque  3, 
raro  4,  semperarcuatis  et  flexibilibus,  nunquam  rectis  et  rigidis  aequabiliter  crassis,  25  — 30  X 
1.4  — 1.6  /Lim. 

Habit.  in  foliis  Fagi  silvaticae ,  Carpini  betuli  et  Quercus  sp.  in  aqua  submersis  putri- 
disque.  Typus:  in  rivulo  Szénpatak  prope  Kiràlyrét,  Mts.  Bòrzsòny,  Hungaria,  15.  1.  1975., 
leg.  J.  Gònczòl,  in  Herb.  Mus.  Hist.-nat.  Hung.  Budapest. 

On  thè  naturai  substrate,  thè  mycelium  and  conidiophores  are  hyaline, 
septate,  3  —  3.5  jum  thick.  The  conidiophores  were  short  in  thè  majority  of  thè 
specimens  observed.  Frequently,  only  thè  phialide  rose  out  of  thè  surface  of 
thè  substrate  (leaf  vein)  (Piate  I,  1 — 5).  The  longer  conidiophores,  found  on 
some  occasions,  were  35  —40  (max.  50)  jum  long  together  with  thè  phialide. 
The  phialide  is  cylindrical-oval,  thickening  slightly  in  its  upper  third. 

One  or  two  phialides  are  usually  developing  on  thè  conidiophores,  but 
they  may  be  rarely  branched  with  three  phialides  (Piate  I,  7). 

The  conidium  begins  its  development  as  a  small  swelling  at  thè  end  of 
thè  phialide  and  soon  becomes  cylindrical-fusiform.  The  fusiform  shape  is 
hardly  acuminate,  being  thè  thickest  sometimes  in  thè  lower,  and  sometimes 
in  thè  upper  third,  but  never  truly  davate. The  three,  rarely  four,  simultaneously 
developing  processes  appear  when  thè  main  part  of  thè  conidium  reaches  thè 
length  of  15 — 20  jum.  The  processes  characteristically  originate  as  straight 
continuations  of  thè  main  part  of  thè  conidium,  and  then  become  incurved 
and  divergent.  They  are  never  rigid  and  straight,  but  flagellatelly  flexible, 
readily  bending  when  thè  cover  slide  is  tapped. 

The  processes  are  1.4 — 1.6  jum  wide,  as  long  as  thè  main  part  of  thè 
conidium,  hardly  tapering  apically.  The  mature  conidia  are  colourless,  23  —26 
(max.  30)  X  3.5 — 4  jum.  The  granulosity  of  thè  cytoplasm  is  often  conspicuous, 
as  e.g.  thè  conidium  of  Jaculispora  submersa  Hudson  et  Ingold.  In  some  of 
thè  conidia  bigger,  circular  or  irregularly  shaped,  dark  granules  are  visible. 
Sometimes  four  or  six  such  granules  can  be  observed,  almost  wholly  filling  thè 
main  part  of  thè  conidium  (Piate  II,  6). 

Most  conidia  are  unicellular,  however,  there  recur  regularly  conidia 
with  1 — 3  very  pale  septa.  Germinating  conidia  can  hardly  be  found  among 
thè  numerous  conidia  in  thè  foam-samples.  So  far,  germination  could  be  observ¬ 
ed  in  no  more  than  two  case.  The  germ  tube  started  from  thè  basai  end  of  thè 
conidia. 


Discussion 

When  classifying  thè  present  species,  two  genera  with  phialosporae  were 
considered,  viz.  Alatospora ,  Ingold  and  Clavatospora  S.  Nilsson.  The  conidium 
of  Clavatospora  flagellata  sp.  nov.  resembles  thè  conidium  of  Alatospora  acumi¬ 
nata  Ingold,  yet  thè  former  has  no  main  axis,  although  any  one  of  its  processes 
may  appear  as  a  continuation  of  thè  main  part  of  thè  conidium. 
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Piate  I 

1—6.  Developing  conidia  on  submerged  Fagus  silvatica  leaf  (1000  x) 
7.  Developing  conidia  on  a  conidiophore  with  three  phialides  (1000  x) 
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Piate  II 

1.  Liberateci  conidia  of  Clavatospora  flagellata  sp.  nov.  from  a  foam-sainple  in  December 

(240  X) 

2  —  4.  Liberated  young  conidia  of  Clavatospora  flagellata  sp.  nov.  (800  X,  1200  x) 
5—6.  Liberated  mature  conidia  from  a  foam  sample  (700  X,  1000  x) 
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The  liberateci  and  mature  conidia  of  thè  present  species  resemble  thè 
conidia  of  Alatospora  acuminata,  especially  when  one  of  its  three  processes, 
namely  thè  median  one  which  lies  in  thè  same  level  of  thè  main  part,  forms 
a  common  are  with  it  (Piate  II,  6).  In  samples  where  thè  conidia  of  Clavatospora 
flagellata  sp.  nov.  occur  mixed  with  those  of  Alatospora  acuminata,  thè  new 
species  imitates  strinkingly  tlie  conidium  of  Alatospora  acuminata  (Piate  II,  1). 
However,  under  a  higher  magnification,  thè  morphological  differences  between 
thè  conidia  become  well  visible  (Piate  II,  2 — 6).  While  thè  four  arms  of  thè 
conidium  of  Alatospora  acuminata  are  of  equal  width,  thè  conidium  of  Clavato¬ 
spora  flagellata  sp.  nov.  appear  as  a  conidial  trunk  with  three  equal  processes. 
Therefore  similarly  to  thè  genera  Clavatospora  and  Clavariopsis,  thè  conidium 
has  radiately  symmetrical  but  characteristically  formed  processes. 

On  thè  basis  of  these  characteristics  its  relegation  to  Clavatospora  seems 
justified,  although  thè  main  part  of  thè  conidium  is  not  markedly  davate,, 
but  rather  cylindrical-fusiform  or  occasionally  resembling  a  taproot.  A  further 
difference  is  thè  occurence  of  1 — 3  septa  in  some  conidia.  Because  of  these 
differences  as  well  as  thè  peculiarly  originating  whip-like  processes,  thè  new 
species  differs  from  thè  known  species  of  Clavatospora.  It  may  possibly  represent 
also  a  new  genus. 

Comparison  of  thè  main  features  of  thè  conidia  of  Clavatospora  longi- 
brachiata  (Ingold)  S.  Nilsson  and  of  Clavatospora  flagellata  sp.  nov. 

Cl.  longibrachiata  CI.  flagellata  sp.  nov. 

wedge-shaped,  one-celled  cylindrical-fusiform  or  slightly  davate 

1  —  (4)  celled 

straight,  rigid,  3  curved,  flexibile,  3,  (4) 
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ON  THE  THICK-SPINED  SPECIES  OF  MICRACTINIUM 


By 

T.  Hortobagyi 

DEPARTMENT  OF  BOTANY,  UNIVERSITY  OF  AGRICULTURAL  SCIENCES,  GÓDÒLLÓ,  HUNGARY 

(Received  September  25,  1976) 

In  thè  years  1971  —  73  I  observed  three  Micractinium  species  with  unusually 
thick  spines  in  thè  River  Danube  (Hungary).  One  was  published  as  Micractinium 
crassisetum  Hortob.  (p.  123)  in  1973.  My  recent  observations  complement  my  earlier 
description.  Diameter  of  cells  5.5  —  9  p;  thè  hollow,  rigid,  unusually  thick-walled, 
sharply  pointed  spines  24.7  —  60  p,  long,  their  basai  breadth  1.7  — 2.8  p. 

A  species  of  similar  construction  is  Micractinium  strigoniense  Hortob.  It  differs 
from  thè  preceding  one  by  having  one  thick-walled  spine  on  each  celi  with  two  thin- 
walled  small  spines,  situated  on  both  sides  of  thè  former.  Celi  diameter  5  —  5.5  p,  length 
of  spines  30  —  33  p,  shorter  ones  16  —  19  p;  thè  former  have  a  basai  breadth  of  1.6  — 
1.8  p,  thè  latter  0.3  —  0.4  p.  Composed  of  features  characteristic  to  M.  pusillum  Fresen 
and  M.  crassisetum  Hortob. 

The  third  species  is  M.  conococcoides  Hortob.,  with  one  thick-walled  spine  on 
each  celi,  and  a  broad  base.  Celi  diameter  6  —  7  p,  length  of  spines  47  —  51  p,  basai 
breadth  2.5  —  3  p. 

All  three  species  are  with  cells  in  agglomerations  and  not  arranged  in  a  piane. 


In  thè  course  of  examination  of  thè  microscopie  vegetation  in  thè  settling 
and  enriching  dressing  basins,  I  have  identified  415  taxa  from  thè  collections 
made  in  1968 — 1969.  The  respective  taxa  were  highly  diverse  as  regards  space 
and  thime  in  thè  formation  of  thè  coenosis.  This  fact  can  be  explained  partly 
by  thè  great  number  of  organisms,  different  ecological  spectra  and  partly 
by  thè  perinanent  connection  to  thè  Danube  and  by  thè  various  environmental 
factors.  Most  taxa,  valuable  from  a  saprobiological  viewpont,  are  beta-  and 
mesosaprobic:  they  reflect  thè  state  of  thè  Danube  as  a  good  feeding  water. 
Among  thè  158  assessed  organisms  there  are  3  oligosaprobionts,  34  oligo-beta- 
saprobionts,  65  beta-mesosaprobionts,  49  beta-alpha-mesosaprobionts,  6  alpha- 
saprobionts  and  1  polysaprobiont. 

In  thè  course  of  examination  of  thè  indicator  organisms,  taxa  with  very 
thick  spicules  have  been  very  sticking.  1  had  already  mentioned,  as  early  as 
in  my  Indian  and  Viet-Namese  publications,  that  thè  occurrence  of  some 
organisms  in  more  southern  regions  as  well  as  thè  state  of  trophisation  may  be 
connected  with  a  more  robust  and  larger  stature  and  principally  with  a  bigger 
and  thicker  appearance  of  thè  spicules. 

In  my  studies  on  thè  Danube,  I  emphasized  thè  unusually  thick  coenobia 
with  obtuse  spicules,  occurring  in  thè  genus  Scenedesmus. 

The  first  Micractinium  green  alga  with  an  unusually  thick  wall  and 
spines  was  observed  in  thè  Danube  in  August,  1968;  it  was  subsequently  publish- 
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Fig.  1.  Micractinium  crassisetum  Hortob. 


ed  as  Micractinium  crassisetum  Hortob.,  in  1973  (p.  123).  Celi  dimensione 
5.5 — 6.5  [jì,  length  of  spines  24.7 — 33.8  //,  basai  breadth  of  spines  1.7 — 2.6  jll. 
M.  crassisetum  is  well-distinguishable  from  thè  concurrent  M.  pusillum. 

My  recent  observations  complemented  thè  originai  description.  Dia- 
meter  of  celi  5.5 — 9  //,  length  of  thè  unusually  thick-walled,  sharply  pointed 
spines  24.7 — 60  p,  width  at  base  1.7 — 2.8  //.  Cells  globose,  occasionally  slightly 
compressed,  elongated.  Coenobia  2-  or  4-celled,  rarely  8  of  cells.  The  most 
common  form  of  occurrence  is  in  groups  of  four  (Fig.  1).  —  July — Septem- 
ber. 
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Fig.  2.  Micractinium  strigoniense  Hortob.  n.  sp. 


In  thè  Dannbe  samples  collected  in  1972 — 73.  I  found  two  further  thick- 
spined  Micractinium  species.  The  three  taxa  show  a  good  evolutionary  series* 
They  exemplify  that  thè  appearance  of  thick-spines  is  interpretable  as  parallel 
morphoses. 


Micractinium  strigoniense  Hortob.  n.  sp. 

Fig.  2 

Coenobia  4-celled,  diameter  5 — 5.5  /a.  Cell-wall  smooth.  Cells  not  arranged 
in  a  piane.  Each  celi  emitting  a  thick-walled,  rigid,  straight,  sharply  pointed 
spine  with  an  intern  cavity,  length  30 — 33  fjt.  Beside  each  spine  a  thin-walled, 
rigid,  straight,  spharply  pointed  spine  on  both  sides,  length  16 — 19  /u.  Basai 
breadth  of  long  and  thick  spines  1.6 — 1.8  //,  that  of  thè  shorter  spines  0.3 — 0.4  /ut. 
Chloroplasts  parietal,  filling  in  celi,  with  a  large  pyrenoid.  Propagation  by 
auto-spores.  In  May,  1972:  rare. 


Acta  Botanica  Academiae  Scienliarum  Hungaricae  22,  1976 


364 


HORTOBÀGYI,  T. 


Fig.  3.  Micractinium  conococcoides  Hortob.  n.  sp. 


A  dose  ally  of  M.  crassisetum  Hortob.,  but  dearly  distinguishable  from 
it  by  its  single  thick  spine  and  thè  shorter  spines,  one  on  each  side  of  thè  former. 
It  displays  characteristics  of  M.  pusillum  Fresen  and  of  M.  crassisetum  Hortob., 
with  their  thin  and  thick  spines,  respectively. 


Micrantinium  conococcoides  Hortob.  n.  sp. 

Fig.  3 

The  third  thick-spined  Micractinium  with  a  considerable  basai  breadth 
is  thè  simplest  one,  morphologically.  Coenobia  4-celled,  cells  not  arranged  in 
a  piane,  smooth-walled,  diameter  6 — 7  [à ,  sometimes  slightly  compressed. 
Each  celi  hearing  only  one  thick-walled,  straight,  rigid,  sharply  pointed, 
hollow  spinei  length  47 — 51  //,  breadth  of  base  2.5 — 3  jl i .  Chloroplast  parietal, 
filling  in  celi,  with  a  well-discernible  pyrenoid. 

In  July,  1973:  rare. 

It  is  closely  related  to  M.  crassisetum  Hortob.,  but  sharply  differs  from 
it,  by  having  only  a  single  spine  on  each  celi. 
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It  strikingly  resembles  Conococcus  elongatus  Carter.  In  this  latter  species 
each  celi  bears  one  broad-based  spine,  but  thè  cells  are  arranged  in  a  piane, 
while  thè  specimens  from  thè  Danube  have  their  cells  arranged  as  characteristic 
of  Micractinium,  i.e.  in  an  agglomeration. 


DIAGNOSES 


Micractinium  strigoniense  Hortob.  n.  sp. 

Cellulae  5  —  5.5  fi  diam.,  quaternae  dispositae,  in  unaquaque  earum  spinae  singulae, 
rigidae,  rectae,  crasse  tunicatae,  interne  cavae,  mucronatae,  30  —  33  fi  longae,  subtus  1.6  — 
1.8  fi  latae,  ultro  spinae  binae  tenuiter  tunicatae,  spinat  singulas  in  medium  accipientes, 
rigidae,  mucronatae,  cavae,  16-19  fi  longae,  ad  basin  0.3  — 0.4  fi  latae,  chloroplastis  parie¬ 
tali  pyrenoida  conspicua.  Propagatio  per  autosporas.  Duna,  1973,  V.  —  Raro. 


Micractinium  conococcoides  Hortob.  n.  sp. 

Coenobia  4-cellularia,  e  cellulis  6  —  7  fi  diam.  composita.  In  unaquaque  cellula  spinae 
singulae,  crasse  tunicatae,  rigidae,  rectae,  mucronatae,  cavae,  47  —  51  fi  longae,  ad  basin 
2.5  —  3  fi  crassae.  Chloroplastis  parietalis.  Pyrenoida  conspicua.  Duna,  1973.  VII.  —  Raro 
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CHANGES  IN  THE  PEROXIDASE  ENZYME 
AND  IN  ITS  ABILITY  TO  HYDROXYLATE 
UNDER  THE  EFFECT  OF  ACTINOMYCIN  D 
AND  CHLORAMPHENICOL  IN  SEEDLING  BEAN  PLANTS 

By 

M.  M.  HORVÀTH  and  J.  NeMCSOK 

BIOCHEMICAL  AND  GENETICAL  RESEARCH  TEAM,  JÓZSEF  ATTILA  UNIVERSITY,  SZEGED 

(HUNGARY) 

(Received  June  7,  1974) 

Recently  thè  investigation  of  thè  effect  mechanism  of  peroxidase  and  its  part 
played  in  hydroxylating  processes  bave  come  to  thè  forefront.  It  is  timely  to  examine 
thè  behaviour  of  compounds  suitable  for  a  complete  inhibition  at  various  points  in 
thè  course  of  protein  synthesis  in  relation  to  thè  quantity  of  peroxidase  and  to  its 
ability  to  hydroxylate. 

It  can  be  inferred  from  present  experiments  that  thè  inhibitors  used  (actino- 
mycin  D  and  chloramphenicol)  are  suitable  to  inhibit  thè  activity  and  hydroxylating 
ability  of  thè  peroxidase  enzyme. 


Material  and  method 


We  carried  out  our  experiments  with  seedlings  of  white  pearl  beans.  They  were  ger- 
minated  at  23°C  in  Petri  dishes  on  filter  paper  in  a  thermostat  for  3  days.  When  thè  rootlet 
was  1  — 1.5  cm  long,  it  was  placed  in  water  culture.  They  were  put  in  semi-conditioned  circum- 
stances,  in  tap-water  lighted  by  7000  lux  (Horvàth  —  Lasztity  1965).  The  age  of  our  ex- 
perimental  plants  was  between  4  and  20  days.  The  measurement  of  thè  peroxidase  enzyme 
was  carried  out  as  a  function  of  time,  according  to  thè  age  of  thè  plant,  from  thè  shoot  and 
from  thè  root,  on  thè  basis  of  thè  method  elaborated  by  Solymosy  —  Farkas  in  1963. 

Parallel  with  thè  enzyme  activity  measurements,  we  also  applied  inhibitors  and,  on 
thè  one  hand,  examined  their  effect  mechanism  on  thè  enzyme,  and,  on  thè  other  hand,  studied 
their  role  and  position  at  hydroxylation.  The  inhibitors  used  and  their  concentration  were: 
2  mg/ml  chloramphenicol,  and  2  mg/ml  actinomycin  D. 

We  placed  our  7-day-old  plants  hearing  two  foliage  leaves  in  boiling  glasses  into  thè 
inhibiting  Solutions,  while  thè  Controls  were  also  put  in  boiling  glasses  into  tap-water,  so  that 
thè  treated  and  thè  control  plants  could  be  under  identical  conditions.  Another  one  of  our 
inhibiting  experiment  was  to  cut  off  thè  shoots  of  thè  plants  and  to  put  thè  shoots  into  thè 
inhibiting  solution,  and  in  thè  tap-water;  thè  roots  were  also  placed  into  thè  inhibiting  solu¬ 
tion  and  in  tap-water,  respectively.  Then  we  measured  thè  activity  of  peroxidase  in  thè 
function  of  treatment  time;  after  a  treatment  of  24  hours,  48  hours  and  9  days,  we  homogen- 
ized  2  g  of  each  shoot  and  root  of  thè  treated  and  control  plants,  respectively,  in  6  pH  phos- 
phate  buffer,  then  incubated  them  at  25  mi  end  volume,  with  antranilic  acid  solution  of  10 
mMole  concentration.  We  carried  out  incubation  also  with  thè  other  inhibitors,  and  also  with 
horse  radish  peroxidase  produced  by  us.  The  time  of  incubation  was  24  hours.  Before  that, 
thè  incubation  was  tried  also  as  a  function  of  time  (from  16  to  24  hours). 

After  incubation  thè  System  was  stopped  first  by  chloroform  and  then,  to  facilitate 
filtering,  by  10%  TCA.  After  stoppage,  System  was  rinsed  three  times  with  ether.  After  evap- 
oration,  it  was  made  run  for  two  hours  in  95  :  5  mixture  of  chloroform  and  acetic  acid  on 
kieselguhr  plates  prepared  in  advance,  by  adding  drops  at  a  time.  Then  thè  plates  were 
developed  by  thè  Yan  Urk  reagent.  For  one  day  after  development,  thè  plates  were  left  to 
dry  and  then  evaluated.  Evaluation  took  place  on  thè  basis  of  Rf  values  (Simon  —  Matko- 
vics  — M.  Horvàth  1970). 
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Fig .  I.  The  extinction  curve  as  a  function  of  time  of  thè  peroxidase  activity  in  thè  7-day- 
oldjbean  seedling  treated  with  actinomycin,  and  in  thè  control  seedling 


Fig.  2.  The  extinction  curve  as  a  function  of  time  of  thè  peroxidase  activity  in  thè  7-day-old 
bean  root  treated  with  actinomycin,  and  in  thè  control  root 
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Evaluation  of  thè  results 

In  thè  case  of  treatment  with  actinomycin  D  and  chloramphenicol,  thè 
peroxidase  enzyme  activity  of  both  thè  shoot  and  thè  root  decreases  to  a 
considerable  extent,  owing  to  thè  effect  of  thè  treatment. 

In  Figs  1  and  2,  thè  effect  of  actinomycin  D,  while  in  Figs  3  and  4  that 
of  chloramphenicol  on  shoots  and  roots  are  illustrated,  related  in  all  four 
cases  to  that  of  thè  control. 

Fig.  5  demonstrates  thè  changes  in  thè  bean  seedling  and  thè  activity 
of  peroxydase  enzyme  as  a  function  of  time. 

For  thè  roots,  thè  extinction  in  thè  enzyme  activity  is  thè  greatest  in 
thè  case  of  treatment  with  actinomycin  D  after  a  five-day  treatment  and  for 
thè  shoots  after  a  2-day  treatment.  The  effect  of  chloramphenicol  had  thè 
conspicuously  lowest  value  after  a  4-day  treatment,  both  in  thè  shoots  and 
in  thè  roots.  In  this  case  thè  effect  of  actinomycin  D  results  in  thè  linking  of 
thè  RNA  polimerase  being  inhibited. 

In  thè  course  of  our  experiments  we  found  that  when  thè  shoot,  thè  root, 
and  thè  rooted  plant  had  been  previously  treated  and  then  incubated  with 
anthranilic  acid,  thè  quality  of  thè  hydroxy  derivatives  was  parallel  with  thè 
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Fig.  3.  The  extinction  curve  as  a  function  of  time  of  thè  peroxidase  activity  in  thè  7-day- 
old  bean  shoot,  and  in  thè  control  shoot 
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Fig.  4.  The  extinction  curve  as  a  function  of  time  of  thè  peroxidase  activity  in  thè  7-day- 
old  bean  root,  and  in  thè  control  root 


Fig.  5.  Changes  in  thè  peroxidase  enzyme  as  a  function  of  age  in  thè  bean  seedling 
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Fig.  6.  The  shoot  and  root  of  a  7-day-old  bean  seedling  treated  with  actinomycin  D  for  24 
hours,  followed  by  a  24-hour  incubation  with  antranilic  acid,  and  its  Controls.  1  Treated 
shoot  (anthranilic  acid);  2  Control  shoot  (anthranilic  acid  3-OH,  4-OH.  5-  and  6-OH  an¬ 
tranilic  acid);  3  Treated  root  (anthranilic  acid);  4  Treated  root  (anthranilic  acid);  5  Control 
root  (anthranilic  acid,  3-OH,  5-  and  6-OH  anthranilic  acid) 


i  $ 

.  *-•$  1  ■ 

% 

• 

1 

tìs  ■  ; 

y  1 

| 

• 

m 

• 

f  G  ■ 

_ 

© 

1  2  3  4  5 


Rf  =0.88 


Rf  =  0.75 


Rf  =  0.60 


Rf  =  0.00  -0.22 


Fig.  7.  The  shoot  and  thè  root  of  a  7-day  old  bean  seedling,  followed  by  a  24-hour  incuba¬ 
tion  with  anthranilic  acid,  and  its  Controls.  1  Treated  shoot  (antranilic  acid);  2  Control 
shoot  (antranilic  acid,  3-OH,  4-OH,  5-  and  6-OH  antranilic  acid);  3  Treated  root  (antra¬ 
nilic  acid);  4  Treated  root  (antranilic  acid);  5  Control  root  (antranilic  acid,  3-OH,  5-  and 

6-OH  antranilic  acid) 
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activity  of  thè  peroxidase  enzyme,  and  with  thè  quantity  of  thè  enzyme 
Actinomycin  D  and  chloramphenicol  inhibited  thè  occurence  of  all  hydroxy 
derivatives  both  in  thè  roots  and  in  thè  shoots,  in  comparison  with  thè  control. 
This  was  to  be  expected,  since  thè  two  inhibitors  effect  thè  most  important 
synthesis  processes,  and  therefore  no  hydroxy  derivatives  could  be  produced. 

In  thè  chromatograms  presented  here  (Figs  6  and  7),  it  can  be  seen  that 
thè  production  of  thè  hydroxy  derivatives  in  all  treated  shoots  and  roots 
became  extinct,  in  contrast  to  thè  case  of  thè  Controls. 

Our  experiments  allow  thè  statement  that  thè  inhibitors  used  by  us 
are  suitable  for  thè  inhibition  of  activity  and  hydroxilating  ability  of  peroxidase 
enzyme. 
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SOIL  ALGAL  GROWTH  TYPES  AS  EDAPHIC 
ADAPTATION  IN  HUNGARIAN  FOREST 
AND  GRASS  STEPPE  ECOSYSTEMS 
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It  was  established  that  thè  algal  synusia  of  forest  ecosystems  are  of  thè  Chloro- 
phyta  type,  whereas  thè  grass  steppe  ecosystems  are  algologically  of  thè  Cyanophyta 
type.  A  classification  of  soil  algae  has  been  made  by  thè  soil  types,  with  special  regard 
to  soil  texture.  Six  growth  types  were  elaborated,  of  which  five  are  fundamental  and 
one  is  divided  into  two  subtypes:  they  are  of  thè  dispersal  (1),  stratose  (2),  micro¬ 
coleus  (3.1),  ramose  (3.2),  mucose  (4)  and  glutinose  (5)  type. 

The  “strutture”  of  ecosystems  —  species  composition,  their  pattern, 
relations  of  species  combinations,  thè  growth  type,  life-forms,  diversity  of 
species  etc.  —  reflects  thè  ecological  conditions  in  which  they  exist. 


Most  of  thè  ecological  papers  discussing  soil  algae  investigate  thè  species  composition 
from  a  taxonomical  viewpoint.  Others  describe  habitats  in  which  thè  algal  “communities’* 
occur  (e.g.  Friedmann  1971,  Lynn  and  Brock  1969,  Cameron  1972).  Some  of  thè  researchers 
attempt  to  recognise  other  relations  of  soil  algal  synusia  (e.g.  Shtina  and  Hollerbach  1976, 
Alexakhina  1971,  Jegorova  and  Alexakhina  1974).  Since  certain  terms  have  introduced  in 
ecology  (Odum  1959,  Margalef  1963),  it  seems  appropriate  to  interpret  and  use  them  also  in 
algal  ecology.  As  thè  basis  of  information  exchange  is  a  unified  System  of  terms,  this  is  an  im- 
portant  matter. 

When  Shtina  and  Hollerbach  (1976)  devised  their  algological  life-form  System,  it 
was  founded  on  Schmithuzen’s  and  Siribrjakova’s  life-form  conception,  However,  Fekete 
and  Szujkó-Lacza  (1970,  1971)  and  Szujkó-Lacza  and  Fekete  (1972)  discussed  in 
their  series  of  papers,  thè  problems  of  life-form  conceptions  and  they  defined  thè  term  life- 
form  in  agreement  with  Raunkiaer’s  basic  concepcion.  Accordingly,  thè  term  life-form 
should  he  distinguished  from  growth  type  also  in  algology.  Life-form  is  a  characteristic  of 
adaptation  to  unfavorable  seasons,  while  thè  growth  type  is  a  characteristic  of  taxonomic 
or  edaphic  adaptation  during  thè  growth  period. 


In  thè  present  paper,  thè  growth  types  of  soil  algae  are  elaborated 
according  to  thè  structure  of  soil  types,  as  a  sequence  to  thè  study  of  species 
composition  of  thè  Hungarian  forest  and  grass  steppe  ecosystems  from  thè 
viewpoint  of  algology. 


Material  and  methods 

Different  soil  types  were  investigated  from  forest  and  grass  steppe  ecosystems  in 
Hungary.  The  soil  samples  were  taken  from  500x500  cm  plots  divided  into  25  (each  100  X 
100  cm2)  quadrats;  25  soil  samples  were  collected  per  soil  types  in  each  case. 
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Table  1 


Examined  soil  types  and  their  localities  characterized  by  vascular  plant  communit  ies* 


Localities 

Vascular  plant 
communities 

Soil  type 

Soil  structure 

Mts.  Màtra 

Deschampsio-Luzulo- 

Fagetum 

acidic,  nonpodzolized 
brown  forest  soil 

granular  (gruel),  diam.  of 
soil  particles  3  —  1  mm 

Mts.  Màtra 

Mts.  Màtra 

Mercuriali-Tilietum 

M  ditti-  Fagetum 

mull-ranker 

Ramann-type  brown 
earth 

granular  (gruel) 
granular  (hazelnut),  diam. 
of  soil  particles  5  —  3 
mm 

Hortobàgy 

National 

Park 

Artemisio-  Festucetum 
pseudovinae 

salt-affected  soil 
(meadow  solonetz) 

columned,  diam.  of  soil 
particles  50  mm 

Hortobàgy 

National 

Park 

Camphorosmetum 

salt-affected  soil 

(solonetz  with  solod) 

powdery,  diam.  of  soil 
particles  0.5  mm 

*  The  examinations  and  exact  enumeration  of  soil  types  were  given  by  KovÀcs  (1975) 
and  Szabolcs  (1965). 


To  our  knowledge,  thè  water  regime  (quantity  and  quality  of  thè  soil  moisture,  water- 
holding  capacity  and  permeability)  and  air  regime  of  thè  soil  depend  on  its  strutture  (CsapÓ 
1958).  When  thè  examined  soil  types  are  grouped  by  structure,  three  groups  can  be  dis- 
tinguished  (gruel,  hazelnut  and  powdery). 

The  soil  samples  originating  from  forest  soils  were  kept  in  culture,  illuminated  by 
light  tubes  (4000  lux,  for  six  hours  per  day).  The  solonetz  samples  could  be  examined  micro- 
scopically  after  sampling.  The  data  of  these  samples  offered  thè  basic  material  of  thè  analysis. 


Species  composition  of  soil  types  with  respect  to  ecosystems 

The  first  step  in  thè  analysis  of  soil  algal  synusia  is  to  determine  thè 
species  composition.  The  number  of  species  and  their  taxonomic  distribution 
are  different  in  forest  and  grass  steppe  ecosystems  (Fig.  1).  In  a  previous  paper 
(Komaromy  1975),  thè  algological  characterization  and  quantitative  exami- 
nation  of  forest  soils  have  already  been  enumerated  and  it  has  been  underlined 
that  thè  soils  of  forest  ecosystems  are  characterized  by  Chlorophyta  and  Xantho - 
phyta  species  (e.g.  Chlamydomonas,  Chlorococcum,  Botrydiopsis ,  Monodus, 
Vischeria  etc.). 

It  was  found  in  thè  course  of  this  work  that  algal  cells  occur  usually  spor- 
adically  in  forest  soils.  Most  of  thè  samples  had  a  long  cultivation  time  (six 
or  ten  weeks),  and  some  of  them  were  negative.  It  was  established  that  there 
are  two  or  three  species  which  played  an  important  role  in  species  composition 
(Komaromy  1969).  The  soil  types  of  forests  differ  from  each  other  significantly 
and  these  differences  are  based  on  physical  and  Chemical  soil  caracteristics 
(Komaromy  1975). 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


SOIL  ALGAL  GROWTH  TYPES 


375 


Fig.  1.  The  taxonomic  proportion  of  thè  species  in  different  forest  and  grass  steppe  soils. 
1  —  acidic  nonpodzolized  brown  forest  soil;  2  —  mull-ranker;  3  —  RAMANN-type  brown 
earth;  4  — 5  —  salt-affected  soils  (solonetz) 

The  Chlorophyta-Xanthophyta  combination  of  soil  algal  synusia  is  char- 
acteristic  of  thè  European  forest  zone  (Shtina  1961,  Alexakhina  1971, 
Jegorova  and  Alexakhina  1974,  Rosa  1962). 

The  salt-affected  soil  types  (e.g.  examined  solonetz)  are  in  contrast  to 
forest  soils,  of  thè  Cyanophyta  type,  similarly  to  desert  ecosystems. 

The  salt-affected  soils  were  analysed  by  sample  series  originating  from 
different  localities  in  thè  Hortobàgy  National  Park.  The  most  frequent  species 
were  Phormidium,  Lyngbya ,  Nostoc,  Microcoleus ,  Tolypothrix  and  Calothrix. 
Chlorhormidium  crenulatum  (Kiitz.)  Kom.  was  abundant  in  some  localities. 

The  soil  samples  could  be  examined  microscopically  directly  after  sam¬ 
pling,  because  thè  bare  surface  of  soil  was  everywhere  covered  with  algae. 
No  essential  difference  was  expected  between  thè  species  composition  of 
different  localities  in  thè  case  of  samples  originating  from  “szik”  plots,  but 
stili  some  differences  appeared  between  Festucetum ,  Camphorosmetum  and 
“szik”  plots. 


An  attempt  to  group  soil  algae  by  their  growth  type 
with  special  regard  to  soil  texture 

The  species  composition  of  soil  algal  synusia  reflects  also  thè  edaphic 
conditions.  These  conditions  consist  of  several  effects,  thus  their  examina- 
tions  also  gave  several  new  aspects.  One  of  them  is  soil  texture  (as  a  physical 
characteristic).  The  top  layer  of  soils,  as  a  substrate  of  synusia,  is  diverse 
by  its  different  texture  and  structure,  because  different  algal  species  can 
settle  on  it.  Accordingly,  thè  soil  algal  species  may,  independently  also  of  their 
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Table  2 


Joint  occurrence  of  soil  characters  and  algal  groivth  types 


Soil  strutture 

Growth  type 

Examples 

Granular  (hazelnut) 

(5  —  3  mm  0) 

dispersal 

Chlorococcum  humicolum  (Nàg.)  Rabenh. 
Botrydiopsis  minor  (Schmidle)  Chod. 

Monodus  subterranea  Petersen 

Vischeria  stellata  (Chod.)  Pasch. 

Granular  (gruel) 

(3  —  1  mm  0) 

stratose 

Chlorhormidium  flaccidum  (Kiitz.)  Fott 
Chlorhormidium  dissectum  (Kiitz.)  Kom. 
Chlorhormidium  crenulatum  (Kiitz.)  Kom. 
Stichococcus  bacillaris  Nàg. 

Heterothrix  exilis  Pasch. 

Tribonema  minus  (Wille)  Hazen 

Granular  (gruel) 

glutinose 

Hantzschia  amphyoxis  (Ehr.)  Grun. 

Naticuta  mutica  Kiitz. 

Pinnularia  borealis  Ehr. 

Powdery 

(0.5  mm  0) 

microcoleus 

Microcoleus  lacustris  (Rabenh.)  Fari. 
Microcoleus  sociatus  W.  et  West. 

Phormidium  foveolarum  (Mont.)  Gom. 
Phormidium  molle  (Kiitz.)  Gom. 

Phormidium  paulsenianum  Petersen 

Columned 
(50  mm  0) 

ramose 

(tolypothrix) 

Tolypothrix  tenuis  Kiitz. 

Columned 
(50  mm  0) 

mucose 

Nostoc  commune  Vauch. 

Nostoc  microscopicum  Carm. 

taxonomical  positions,  he  divided  into  certain  basic  groups.  When  thè  basic 
groups  are  marked  by  serial  nuinbers,  thè  System  can  be  widened  at  will. 

1.  The  coccoid  green  and  yellow-green  algae,  existing  more  or  less  disper- 
sally  among  thè  soil  particles,  may  be  drawn  together  into  a  common  group. 
The  soil  particles  form  small  “niches”  in  which  thè  algal  cells  have  enough 
light  and  moisture  to  grow  and  multiply  (Fig.  2a).  This  growth  type  occurs 
most  frequently  in  soil  types  of  a  loose  and  granular  texture  (Table  2). 

2.  The  filamentous  green  and  yellow-green  algae  form,  like  thè  moss 
protonema,  a  dense  coat  on  thè  soil  surface.  The  proper  designation  of  this 
type  should  be  stratose,  because  thè  algal  coat  has  no  immediate  connections 
with  thè  top  of  thè  soil.  The  filaments  retain  rain  water  and  numerous  uni¬ 
cellular  microorganisms  occur  in  it.  This  growth  type  was  found  on  acidic, 
nonpodzolized  brown  forest  soil,  on  thè  bare  soil  of  clearings  and  also  on  salt- 
affected  soil  (Fig.  2b). 

3.  The  next  group,  called  crust  formation,  may  be  subdivided  into 
two  parts: 

3.1  One  subgroup  comprises  thè  filamentous  blue-green  algae  (e.g. 
Phormidium,  Lyngbya,  Microcoleus  etc.)  which,  by  their  active  motion, 
thoroughly  interwave  thè  soil  surface  so  that  thè  algal  filaments  are  in  dose 
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connection  with  thè  soil  particles.  This  so-called  microcoleus  type  was  observed 
on  “szik”  spots,  on  heavily  tread  paths,  and  on  other  places  where  thè  soil  sur- 
face  is  very  solid  (Fig.  2c). 

3.2  The  ramose  type  (or  tolypothrix  type)  forms  thè  second  subgroup; 
it  was  consistently  found  on  lialf-closed  Festuca  grassland,  on  meadow  solonetz. 
The  red-brown  filaments  of  Tolypothrix  tenuis  Kg.  are  covering  thè  unoc- 
cupied  places  among  Festuca  pseudovina  clumps.  The  branches  of  thè  filaments 
climb  onto  thè  soil  surface,  because  they  have  positive  phototropism,  while 
other  segments  of  filaments  creep  among  thè  soil  particles  (Fig.  2d). 

4.  Some  algal  species  (e.g.  Nostoc  commune,  Gloeocapsa  arenaria,  diro - 
ococcus  minor  and  some  terricolous  Chlamydomonas  species)  with  a  slimy 
extracellular  mucilage  may  be  relegated  to  a  common  group,  because  they 
stick  to  thè  soil  surface  by  mucilage.  This  group,  callcd  mucose  type  (Fig.  2e), 
is  a  characteristic  constituent  of  thè  salt  pastures  in  Hungary.  The  blackish- 
green  mucilaginous  thalli  are  thè  “birthplace”  of  edaphon  on  thè  grass  steppe: 
numerous  unicellular  algae,  thè  cysts  of  minute  animals,  thè  spores  of  molds 
etc.  occurred  inside  thè  mucilage. 


Fig.  2.  Growth  types  of  soil  algae.  1.  dispersal  growth  type;  2.  stratose  growth  type;  3.1 
microcoleus  growth  type;  3.2  ramose  growth  type;  4.  mucose  growth  type;  5.  glutinose 

growth  type 
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Fig.  3.  The  proportion  of  thè  algal  species  by  growth  types  in  different  ecosystems.  a  — c 
forest  ecosystems,  a  —  acidic  nonpodzolized  brown  forest  soil;  b  —  mull-ranker;  c  —  Ramann- 
type  brown  earth;  d  — e  grass  steppe  ecosystems,  salt-affected  soils  (solonetz).  1  dispersal; 
2  stratose;  3  crust  formation  (microcoleus  and  ramose  growth  types);  4  mucose;  5  glutinose 

growth  type 


5.  The  last  group  may  comprise  thè  terricolous  diatoms.  They  have 
extracellular  mucilage  and  they  can  move.  The  so-called  glutinose  type  of 
growth  was  well  observable  on  thè  surface  of  agar-agar  cultures.  According 
to  my  observations,  thè  diatoms  live  in  thè  mucilage  of  other  algal  species 
(e.g.  Nostoc),  or  among  filamentous  algae.  Another  place  which  thè  diatoms 
prefer  is  thè  permanently  wet  soil  surface.  Despite  thè  fact  that  one  cannot 
satisfactorily  observe  thè  glutinose  type  in  thè  field,  it  should  be  distinguished 
from  other  growth  types  because  thè  presence  of  diatoms  is  characteristic 
of  certain  soil  types  (Fig.  2). 


Summary 

The  soil  type  with  a  loosely  hazelnut  structure  (e.g.  brown  earth)  i& 
associated  with  thè  dominance  of  dispersal  growth  type;  thè  mull-ranker  and 
acidic,  nonpodzolized  brown  forest  soil  of  smaller  particles  (gruel  structure) 
and  with  a  high  humus  and  wet  content  bear  this  dispersal,  stratose  or  dispersal- 
stratose  growth  type;  thè  powdery  soil  structure  (solonetz  with  solod)  is 
favourable  to  crust  formations  (microcoleus  and  tolypothrix  type).  The  diatoms 
were  usually  associated  with  a  permanently  high  water  content.  Apparently, 
thè  other  edaphic  effects  are  not  important  for  them  (Fig.  3). 
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In  addition  to  thè  knowledge  of  thè  chlorophyll  concentration,  thè  parameters 
which  provide  information  on  thè  physiological  state  of  chlorophyll  facilitate  thè 
exploration  of  thè  eutrophication  of  waters,  and  they  also  promote  thè  clarification 
of  thè  role  played  by  planktonic  and  benthonic  communities  in  aquatic  ecosystems. 

For  thè  exploration  of  thè  specific  characteristics  of  thè  benthic  chlorophyll, 
photosynthesis  examinations  were  made  in  thè  most  characteristic  and  dominating 
benthic  plant  community  of  Lake  Velence,  viz.  in  thè  Vaucheria  stand.  Of  thè  methods 
measuring  photosynthesis,  thè  dark  and  light  bottle  method  was  applied  in  our  experi- 
rnents,  with  02  indication. 

On  thè  basis  of  our  investigations  made  in  Lake  Velence  in  thè  summer  of  1973, 
thè  productivity  parameters  of  thè  Vaucheria  dichotoma  mat  are  as  follows: 

P o2  =  1.76  mg  02  Dm  g-1  h_1 
Pc  =  0.56  mg  C  Dm  g-1  h-1 

Daily  gross  production  value  =  3.29  gC  m“2  d-1 

For  thè  benthic  assimilation  nuinber  of  chlorophyll  (AN)  thè  value  0.24  was 
obtained,  while  thè  activity  factor  appeared  as  0.01. 

We  can  state  that  it  is  characteristic  of  thè  benthonic  eutrophication  that  thè 
sessile  vegetation  has  a  considerable  quantity  of  biomass  and,  in  connexion  with  this, 
a  great  quantity  of  chlorophyll,  farther  a  low  productivity,  a  small  value  of  assimila¬ 
tion  and  a  similarly  small  photosynthetic  activity  factor. 


Introduction 

Lately,  eutrophication  has  become  a  worldwide  evil  incurred  by  civili- 
zation.  Eutrophication  is  essentially  a  biological  reaction  ensuing  an  increase 
in  nutriments,  that  is,  a  complex  process  of  thè  changes  in  thè  increasing 
trophy  of  thè  aquatic  ecosystem,  which  is  accompanied  by  thè  increase  of 
primary  production  capacity  in  it.  The  plant  nutriments  manifest  themselves 
in  two  forms:  phytoplankton  consisting  of  microscopie  algae  that  drift  in 
open  water  and  plants  attached  on  some  substrates,  e.g.  submerged  aquatic 
plant  stands,  algal  mats,  biotecton,  etc. 

On  thè  basis  of  thè  habitat  and  nature  of  thè  plant  organisms  fix,  use  and  turn  over 
energy,  two  forms  of  eutrophication  can  be  distinguished  viz.  planktonic  and  benthonic 
eutrophication.  In  thè  case  of  thè  latter,  an  increase  in  thè  mass  of  sessile  plants  occurs  as 
against  thè  planktonic  eutrophication  which  is  caused  by  thè  free  phytoplankton  in  thè  sub- 
strateless  pelegiel. 
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The  terminology  used  in  our  paper  concerning  assemblages  living  on  thè  interface 
of  water  —  solid  substrate  is  as  follows: 

Organisms  associated  with  thè  solid-liquid  interface  =  Benthon  (Morlier  1951); 

bottom-dwelling  organisms  =  Benthos  (Haeckel  1891),  Phytobenthos;  Zoobenthos ,  etc.; 

organisms  adnate  on  solid  surface  =  Biotecton  (Margalef  1955),  Phytotecton ,  Zoo - 
tecton ,  etc. 

In  thè  shallow  Hungarian  waters,  permitting  plant  life  also  at  their  bottom,  phyto¬ 
benthos  may  have  an  important  role.  Our  paper  deals  with  thè  production  data  of  Vaucheria 
dichotoma ,  one  of  thè  characteristic  bottom-dwelling  plants  of  Lake  Velence. 

The  separation  of  eutrophication  into  planktonic  and  benthonic  ones  (Anger  1975, 
Lakatos  1974)  implies  thè  problem  of  relationship  and  differences  between  planktonic  and 
benthonic  chlorophyll. 

For  thè  clarification  of  thè  specific  characteristics  of  benthonic  chlorophyll,  photo- 
synthetic  examinations  were  made  with  regard  to  Vaucheria  dichotoma  thè  most  character¬ 
istic  and  wide-spread  benthic  plant  of  Lake  Velence. 

Although  several  authors  discuss  thè  filiform  alga  Vaucheria  (Niennius  and  Simons 
1972;  Polderman  1974;  Simons  1974,  1975;  Simons  and  Vroman  1973,  etc.),  mainly  taxo- 
nomical  and  cenological  works  are  known  from  literature  in  contrast  with  investigations 
under  discussion. 


On  thc  basis  of  recent  Information,  thè  eutrophication  of  thè  aquatic 
ecosystems  can  be  approached  numerically  through  thè  intensity  of  plant  life 
in  thè  water.  For  this,  thè  determination  of  thè  quantity  of  plants  living  in 
water,  or  a  measuring  of  thè  intensity  of  primary  production  is  to  be  made. 
For  thè  estimation  of  thè  aquatic  primary  organic  matter,  thè  most  important 
parameter  is  thè  quantity  of  chlorophyll  a  per  volume  of  water  body  per 
unit  of  solid  bottom  surface.  Since  thè  relationship  between  chlorophyll  and 
photosynthesis  is  not  Constant,  chlorophyll  efficiency  is  to  be  determined  in 
every  case. 

The  measuring  of  all  these  is  not  simple  in  thè  case  of  benthonic  plants. 


Site  of  investigatimi,  materials  and  methods 


Lake  Velence 

One  of  thè  large  saline  lakes  of  Central  Europe  is  Lake  Velence,  which  lies  at  thè  foot 
of  thè  Velence  Range,  in  a  young  Old-Holocene  depression.  The  surface  of  thè  Lake  is  25.9 
km2,  its  length  10.5  km  and  its  greatest  width  3.3  km.  Its  average  waterdepth  is  1.2  m,  its 
greatest  depth  3  m,  its  water  quantity  40  million  m3.  The  tributary  area  is  615  km2.  The 
extension  of  its  open  water  is  16  kin2,  thè  rest  is  occupied  by  reed.  The  zero  point  of  thè  water 
level  is  103.3  m  above  thè  Adriatic. 

One  of  thè  special  characteristics  of  thè  water  of  thè  lake,  resulting  from  its  “functional 
state  of  being  without  an  outlet”,  is  that  it  has  a  great  salt  concentration  (1000  —  1500  rng/1), 
which  has  led  to  a  peculiar  salt-water  living  world.  Therefore  thè  lake  is  a  hydrobiological 
rarity.  Another  one  of  its  features  is  its  great  degree  of  mosaic  state,  its  stretch  of  water  is, 
multiply  subdivided  by  islands  of  reed,  veritable  “walls  of  reed”,  into  several  water  spaces, 
and  thè  various  “clearings”  can  intercommunicate  only  through  thè  thick  of  thè  reeds; 
therefore  areas  of  different  water  qualities  may  develop  in  thè  lake,  Nearly  20%  of  thè  open 
water  area  of  thè  Lake  Velence  is  covered  with  seaweed  (Kiss,  E.,  1972).  The  dominant 
benthic  plant  of  thè  lake  is  Vaucheria  dichotoma  Aghard  (215  ha),  and  thè  submerged  macro- 
phyte  Myriophyllum  spicatum  L.  (35  ha).  In  addition,  Ceratophyllum  demersum  L.,  Chara  sp., 
as  well  as  Najas  marina  L.,  Utricularia  vulgaris  L.,  Potamogeton  pectinatus  L.  are  worth 
mentioning.  The  biomass  examinations  and  photosynthesis  experiments  of  thè  Vaucheria 
dichotoma  stand  were  made  in  thè  water  area  “Hosszutisztàs”  of  Lake  Velence. 
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Materials  and  methods 


The  most  difficult  tasks  of  hydrobiological  methods  are  thè  collecting  of  thè  biotecton 
and  benthic  assemblages  (Forsberg  1959  Wood  1969,  etc.).  From  thè  tough,  thick,  fila- 
mentous  algal  vegetation  no  sample  can  be  taken  by  any  kind  of  sampling  device  controlled 
from  above.  So,  thè  only  solution  that  remained  was  to  dive  under  water  and  to  collect  algae 
by  hand,  from  areas  exactly  located.  For  this  purpose,  an  iron-frame  sized  50  x50  cm  was 
used;  it  was  placed  on  thè  bottom  of  thè  lake  “at  random”.  From  thè  material  gathered 
in  a  plastic  basin,  tlie  deposit  was  emptied  into  numbered  tulle  bags  and  transported  into 
thè  laboratory.  The  fresh  weight  of  thè  collected  filamentous  algal  specimens  was  measured, 
then  a  certain  quantity  of  it  was  preserved  for  dry  matter  determination.  For  photosynthesis 
examination  bundles  of  thè  filamentose  collected  algae  were  made  by  white  thread,  to  ensure 
their  easy  placing  into  and  removai  from  Winkler  vessels. 

The  photosynthetic  study  of  thè  benthic  vegetation  and  thè  problem  of  methodology 
have  been  discussed  by  several  authors. 

Concerning  thè  procedures  measuring  thè  photosynthetic  activities  of  aquatic  pro- 
ductive  organisms,  thè  dark  and  light  bottle  technique  with  oxygen  indication  was  used  in 
our  work. 

In  thè  projecting  and  carrying  out  of  thè  photosynthetic  examination  of  Vaucheria 
dichotoma ,  thè  papers  by  Meyer  et  al.  (1943)  and  by  Felfòldy  (1960)  were  considered. 

A  short  description  of  thè  method  applied  is  as  follows: 

a)  Vaucheria  dichotoma  had  in  each  case  been  collected  during  thè  afternoon  of  thè 
preceding  day;  white  threads  bundles  of  about  400  mg  weight  have  been  secured  and 
left  in  filtered  water  of  thè  lake.  at  room  temperature  during  one  night  in  thè  dark. 

b)  The  water  sample  removed  from  thè  site  of  examination  was  filtered  by  means 
of  bundles  membrane  filters  until  it  was  free  of  algae,  then  thè  dissolved  oxygen  content  of 
thè  water  was  reduced  by  vacuum  pumping. 

c)  In  two  tubes  closed  by  smoothed  stoppers,  oxygen  was  immediately  separated 
with  reagents  (thè  nought  point  of  thè  experiment).  Then  Winkler  bottles  of  known  volume 
were  filled  with  water  with  reduced  oxygen,  and  one  of  thè  prepared  bundles  was  placed. 
A  few  of  thè  Winkler  bottles  were  covered  with  aluminium  foil  (dark  bottle),  while  thè 
rest  remained  light  (light  bottle). 

d)  “Relative  examinations”  were  first  made  with  thè  samples  placed  near  thè  water 
surface,  when  we  obtained  information  on  thè  photosynthetic  capacity  of  thè  various  bundles 
(calibration  run). 

e)  After  measuring  thè  relative  photosynthetic  capacity  of  thè  Vaucheria  bundles, 
we  measured  thè  photosynthesis  of  thè  algal  filaments  in  three  depths  of  thè  lake  (experi- 
mental  run),  and  from  thè  ratio  of  thè  two  values,  thè  apparent  photosynthesis  was  expressed. 

f)  The  photosynthetic  examination  of  thè  algal  bundles,  exposed  near  thè  bottom, 
was  made  for  thè  degree  of  chlorophyll  efficiency;  light  and  dark  bottles  were  used. 

g)  After  exposing,  thè  modified  version  of  thè  Winkler  method  (Felfòldy  1974) 
was  used  for  thè  determination  of  dissolved  oxygen  in  thè  light  and  dark  bottles: 

net  photosynthesis  =  light  bottle-  nought  point 

gross  photosynthesis  =  net  photosynthesis  — nought  point  -(-  dark  bottle 

.  .  experimental  run 

apparent  photosynthesis  =  100  •  — — ; - 

calibration  run 

The  oxygen  quantity  produced  during  one  hour  was  expressed  for  thè  unit  values  of 
fresh  weight,  dry  matter  weight,  ash-free  dry  matter  weight,  chlorophyll,  nitrogen  and 
phosphorus. 

The  determination  of  dry-matter  was  made,  as  usuai,  at  105°C,  while  that  of  thè  ash- 
free  dry-matter  weight  at  600°C.  The  determination  of  chlorophyll  was  made  on  thè  basis 
of  thè  methods  published  by  Lorenzen  1967,  Iwamura  et  al.  1970. 

The  determination  of  total-N  was  made  by  thè  usuai  Kjeldahl  method,  after  destruc- 
tion  and  neutralization  by  concentrated  solution  of  sulphuric  acid  through  thè  destillation 
in  borie  acid  of  thè  ammonia  originating  from  organic  nitro-compounds.  The  essential  point 
in  thè  determination  of  thè  total  P  is  that  all  thè  phosphorus  forms  should  be  transformed 
into  orthophosphate  by  thè  destruction.  With  thè  dissolved  orthophosphate  ions,  thè  molyb- 
date  sulphuric  acid  reagent  produces  a  yellow  complex  which  it  reduced  by  thè  ascorbic  acid 
solution,  to  result  in  a  blue-colour  complex;  this  undergoes  photometry.  Since  thè  determina¬ 
tion  of  N  and  P  has  taken  place  from  tlie  same  sample,  no  selenic  catalyzer  was  used  which 
would  disturb  thè  measurement  of  phosphorus. 


8* 


Acta  Botanica  Academiae  Scientìarum  Hungaricae  22,  1976 


384 


LAKATOS,  GY. 


From  thè  analytical  measures  obtained,  characteristic  parameters  were  calculated; 
thè  production  of  02  (mg  02  Dm  g-1  h-1),  fixed  C02  and  C  (PQ  =  1.2);  we  calculated  thè 
C  value  of  thè  daily  fixed  coal  and  thè  C  fading  on  one  unit  of  surface  (mg  C  m“2);  we  de- 
termined  thè  efficiency  of  thè  benthic  chlorophyll  (its  assimilation  number):  thè  efficiency 
of  chlorophylla  =  fixed  mg  C  h-1/l  mg  chlorophylla  (Strickland  1960).  The  activity  factor 
was  calculated  as  assiinilated  C/biomass  C. 


Results 

In  Table  1,  a  few  of  thè  characteristic  parameters  of  Vaucheria  dichotoma, 
collected  at  “Hosszutisztàs”  of  Lake  Velence,  are  given  together  with  thè 
fresh  weight  per  unit  surface,  and  with  thè  quantities  of  dry  matter  and 
chlorophyll  a. 

Table  1 


Dry  matter  percentage  (Dm%)  of  Vaucheria  dichotoma , 
its  fresh  iveight  per  1  mr  and  thè  quantity  of  dry  matter 
and  of  chlorophyll  a;  Hosszutisztàs ,  August  9,  1973 


Sample 

Dm 

% 

Win 

gm-* 

Dm 

gm-* 

ca 

gm-* 

1 

14.37 

4640 

666.76 

1.308 

2 

13.07 

4920 

643.04 

1.044 

3 

13.05 

6600 

993.28 

1.670 

4 

16.88 

3760 

634.68 

0.995 

Average 

14.84 

4928 

734.44 

1.254 

Dm  =  dry  matter 

Win  =  wet  matter 
Ca  =  Chlorophyll  a  concentration 

On  June  26,  1973,  preliminary  examinations  were  made  for  thè  clarification  of  certain 
methodological  problems.  An  answer  was  obtained  with  respect  to  thè  duration  of  optimal 
exposition  (3 — 4  hours),  to  thè  necessary  size  of  thè  photosynthesizing  Vaucheria  bundle 
(0.250-0.800  mg  WM). 

The  preliminary  investigations  were  satisfactorily  utilized  in  thè  depth 
experiments  made  on  August  1,  when  thè  photosynthesis  of  thè  alga  was 
examined  at  various  depths.  The  results  are  summarized  in  thè  following 
table. 


Sample 

Calibration 

run 

Experimental 

run 

Experimental  run 

mg  O,  Dm 
g-xh-i 

Depth 

m 

mg02Dm 

g-ih-> 

Calibration  run 

1. 

1.48 

0.1 

1.32 

89.2 

2. 

1.51 

1.0 

1.60 

105.9 

3. 

1.38 

2.0 

1.96 

142.0 
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On  thè  basis  of  thè  results  published  by  Meyer  et  al.  (1943)  and  Fel- 
FOLDY  (I960),  we  calculated  thè  apparent  photosynthesis  values.  According  to 
our  examinations,  these  values  are  thè  most  intensive  in  sunny  weather,  under 
a  suitable  transparency  (Secchi  transparency  about  160  cm),  in  thè  naturai 
habitat  of  Vaucheria  dichotorna  where  photosynthesis  takes  place,  that  is, 
at  bottoni  of  thè  water  bed.  Therefore,  it  canbestated  that  thè  benthic  Vauche - 


Table  2 
I. 

The  measured  photosynthesis  values  of  Vaucheria  dichotorna; 
Hosszutisztàs ,  August  9,  1973 


Sample 
light  bottle 

nzj02  mg 
bottle-1 

Wm 

mg 

hA02  mg 

Wm  mg-1 

Dm 

mg 

1 

+0.0219 

258.0 

+0.0565 

28.4 

2 

+0.0352 

451.0 

+0.0956 

55.8 

3 

+0.0365 

354.0 

+0.0839 

46.0 

4 

+0.0417 

316.0 

+0.0840 

54.9 

Average 

0.0338 

361.3 

0.0800 

46.7 

nzl02  mg  =  experimental  net  photosynthesis,  02  production/bottle 
bzl02  mg  =  experimental  gross  photosynthesis,  02  production/wet  weight 
Wra  =  wet  matter 
Dm  =  dry  matter 


Table  3 
IL 

The  photosynthesis  values  of  Vaucheria  dichotorna ,  expressed  in  divers  units ; 
Hosszutisztàs ,  August  9,  1973 


No.  of  sample 

Wm 

mg 

mg  02  •  Wm 
g-i  .  h-1 

Dm 

mg 

mg  02  •  Dm 

g-i  .  h-1 

Om 

mg 

mg  02  •  Om 

g-i  .  h-i 

1 

258.0 

0.219 

28.4 

1.989 

23.1 

2.450 

2 

451.0 

0.212 

55.8 

1.717 

44.5 

2.151 

3 

354.0 

0.237 

46.0 

1.826 

37.0 

2.271 

4 

382.0 

0.220 

54.9 

1.490 

44.4 

1.844 

Average 

361.3 

0.222 

46.27 

1.756 

37.2 

2.179 

Wm  =  wet  matter 
Dm  =  dry  matter 

Om  =  organic  matter  (ash  free  dry  matter) 

Depth  of  water  =  220  cm 
Secchi  disk  transparency  =  166  cm 

Temperature  of  water  surface  =  22.5°C,  bottom  =  22.4°C 
Windy,  sunny  weather 
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Table  4 
III. 

Photosynthesis  values  of  Vaucheria  dichotoma ,  in  divers  units; 
Hosszùtisztds ,  August  9,  1973 


No.  of  sample 

Ca 

mg 

mg  02  •  Ca 
mg-1  h-1 

N 

mg 

mg  02  •  N 

mg-1  h-1 

p 

mg 

mg  02  •  P 
mg-1  h-1 

1 

0.0807 

0.700 

0.264 

0.214 

0.0153 

3.693 

2 

0.1241 

0.772 

0.519 

0.185 

0.0301 

3.183 

3 

0.0957 

0.878 

0.428 

0.196 

0.0248 

3.387 

4 

0.0849 

1 

0.963 

0.511 

0.160 

0.0296 

2.760 

Average 

0.0990 

0.828 

0.482 

0.189 

0.0280 

3.256 

Ca  =  chlorophyll  a  content  of  sample 
N  =  nitrogen  content  of  sample 
P  =  phosphorus  content  of  sample 

Chemical  analysis  results  of  Vaucheria  dichotoma ,  given  in  percentage  of  dry  matter 
content: 

Dm%  =  12.65  (expressed  in  fresh  weight  percentage) 

0m%  =  80.55 
A  %  =  19.45 
Ca  %  =  0.214 

N  %  =  0.930 

P%  =  0.054 

ria  is  a  shade  alga  with  very  intensive  inhibition  of  light  oversaturation 
and  that  its  photosynthetic  apparatus  is  adjusted  to  thè  dim  light  of  thè 
bottoni.  On  thè  basis  of  our  depth  experiments,  all  further  measurements 
were  made  on  thè  bottoni  of  thè  centre  of  thè  Lake,  in  “Hosszutisztàs”. 

Our  data  on  thè  02  production  of  Vaucheria  dichotoma  and  on  thè  degree 
of  efficiency  of  chlorophyll  a  are  obtained  from  our  examinations  made  on 
August  9,  1973.  The  results  are  given  in  Table  2. 

Ve  give  thè  oxygen  quantities  produced  by  thè  plant  (gross  photo¬ 
synthesis)  in  relation  to  various  values  in  Tables  3  and  4.  Despite  thè  fact 
that,  as  a  result  of  thè  relatively  small  number  of  samples,  thè  results  are 
rather  similar  inferences  may  be  drawn  only  with  due  caution. 


Discussion 

On  thè  “Hosszutisztàs”  of  Lake  Yelence,  thè  phytomass  of  thè  Vaucheria 
stand  produced  736  g  dry  matter  m-2  in  1973.  Vaucheria  dichotoma  is  a  dense, 
powerful,  gold-shining,  filamentous  alga  of  rough  thread;  it  forms  a  tangled 
web  at  bottoni  and  fully  merges  into  its  environment. 

The  average  oxygen  production  of  thè  Vaucheria  dichotoma  mat  is 
1.76  mg  02  Dm  g-1  h"1  (see  Table  3).  From  this,  with  a  value  of  Q  =  1.2 
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(Strickland  1960,  Westlake  1963),  1  g  dry  matter  fixed  2.02  rag  C02, 
or  0.56  mg  C,  per  one  hour.  If  thè  value  related  to  one  hour  is  multiplied  by 
8  —  although  according  to  Wetzel  (1964)  these  kinds  of  conversions  are 
debatable  —  thè  production  of  a  whole  day  is  obtainable,  which  in  our  case 
is  4.48  mg  C  Dm  g-1  d-1.  From  our  data  of  measurements,  we  know  thè  average 
dry  matter  weight  of  thè  Vaucheria  dichotoma  mat,  thus  we  can  calculate  thè 
daily  gross  production  per  one  unit  of  surface  area  (with  thè  reduction  of  thè 
loss  of  respiration  at  night).  For  thè  Vaucheria  mat,  thè  daily  gross  production 
value  is  3.29  gCm-2  daily  gross  production  values  measured  by  various  authors 
are  submitted  as  follo ws: 


Author 

Sites 

Method 

I 

Result 

Berman  and  Pollinger  (1924) 

Lake  Kinneret 
phytoplankton 

o2 

3.6 

Bòszòrményi  et  al.  (1962) 

Lake  Balaton 
phytoplankton 

C14 

0.171-0.408 

Edwards  and  Owens  (1960) 

River  Ivel  macro- 
phyton 

02 

0.5-1.44 

Hunding  (1973) 

Lake  Almonds  micro- 
phytobenthos 

02 

0.105 

Lakatos  (1976) 

Lake  Velence  Vauche¬ 
ria  phytobenthos 

02 

3.29 

On  thè  basis  of  our  measurements,  thè  productivity  of  thè  Vaucheria 
mat  is  low  (0.56  mgO  Dmg-1  li-1);  thè  daily  gross  production  of  thè  masses 
of  filamentous  alga  can  approximate  thè  values  measured  at  thè  period  algal 
bloom  by  Berman  and  Pollinger  (1974). 

For  thè  designation  of  chlorophyll  efficiency,  WlLLSTATTER  and  Stoll 
(1918)  suggested  thè  assimilation  number  (Assimilationszahl).  In  our  work, 
thè  assimilation  number  suggested  by  Strickland  (1960)  was  applied  (fixed 
mg  C  h_1  mg  chlorophyll  a). 

The  knowledge  of  thè  chlorophyll  efficiency,  that  is,  thè  relationship 
between  chlorophyll  concentration  and  photosynthesis  intensity,  can  be  fruit- 
fully  used  in  thè  exploration  of  thè  eutrophication  of  a  certain  water  body 
aquatic  area  —  naturally  in  combination  with  other  indices  (for  exainple, 
chlorophyll  concentration,  primary  production,  etc.).  The  assimilation  number 
of  thè  benthic  filamentous  algae  of  Vaucheria  dichotoma  in  Lake  Velence  is 
AN  =  0.26.  The  knowledge  of  thè  chlorophyll  efficiency  (qualitative  side) 
supplements  thè  value  of  chlorophyll  concentration  (quantitative  side)  well 
and  from  their  product  conclusions  can  be  drawn  with  regard  to  thè  magnitude 
of  thè  primary  production  as  well: 

P  =  Cca  •  AN 
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where 

P  =  primary  production 

Cca  =  chlorophyll  a  quantity  per  unit  of  volume  or  surface 

AN  =  assimilation  number. 

Further,  we  know  thè  Vaucheria  mat  dry  matter  content,  which  is  734  g 
Dm  m-2,  and  thè  average  chlorophyll  a  content  (0.214%),  hence  thè  quantity 
of  chlorophyll  a  per  unit  of  surface  is  1.57  g  chlorophyll  a  m“2. 

1.57  g  —  Ch  a  m-2  •  0.26  g  C  g"1  Cha  h”1  =  0.408  g  C  m-^"1  X  8  = 

=  3.264  gC  m-2d"1 

The  calculated  daily  gross  production  value  of  thè  Vaucheria  dichotoma 
stand  is  3.26  g  C  m-2  d-1. 

Since,  on  thè  basis  of  our  present-day  knowledge,  thè  ratio  between  thè 
chlorophyll  content  and  thè  quantity  of  light  assimilated  per  unit  of  time 
cannot  be  estimated  with  generai  validity,  chlorophyll  efficiency  is  to  be  deter- 
mined  from  case  to  case.  In  thè  table  below,  planktonic  and  benthonic  chloro¬ 
phyll  efficiency  values  are  given  as  measured  by  various  authors: 


Author 

Investigatici!  site 

AN 

Caperon  et  al.  (1971) 

subtropical  estuarium 
phytoplankton 

7.2-14.5 

Dokulil  (1973) 

Lake  Ferto;  phytoplank¬ 
ton  among  reeds 

0.69-2.06 

Dokulil  (1973) 

Lake  Ferto;  high  pelagic 
phytoplankton 

4.36-6.55 

Felfòldy  (1961) 

Balaton;  layer  Diatoma 
community  (calculated) 

0.44 

Felfòldy  (1963) 

Balaton;  phytoplankton 

1.2  — 2.9 

Gessner  (1949) 

Wessling-See  (average) 

3 

Lakatos  (1975) 

Nagyivàn,  Lake  Darvas, 
phytobenthos 

0.84 

Odum  et  al.  (1958) 

Laguna  Madre  of  Texas 
phytoplankton 
phytobenthos 

3.8 

0.5  — 0.9 

Manning  and  Juday  (1941) 

Wisconsin  lakes 

2 

Rytner  (1956) 

Dunaliella  culture 

3 

Rytner  and  Yentsch  (1957) 

Seashore  zone  (average) 

6 

SzCZEPANSKA  (1968) 

Lake;  Mikolayski  bio- 
tecton  (periphyton) 

0.65 

Lakatos  (1976) 

i 

Lake  Velence;  Vaucheria 
dichotoma  phyto¬ 
benthos 

0.26 
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From  thè  results  of  thè  above  table,  and  from  thè  AN  values  given  in 
thè  paper  by  Odum  et  al.  (1958),  it  seems  that  thè  efficiency  of  Vaucheria 
chlorophyll  a  measured  by  us  is  rather  low.  (An  interesting  ability  of  Vaucheria 
is  that  thè  plastides  always  wander  towards  thè  parts  best  illuminated  within 
thè  filament;  this  wandering  takes  its  course  on  thè  one  hand  along  thè  longi- 
tudinal  axis  of  thè  filament,  but  it  can  be  noticed  also  in  thè  cross-section 
of  thè  filament:  thè  filament  acts  as  a  cylinder  lense,  thè  plastides  assemble 
in  thè  point  nearest  thè  light  and  in  that  fartherst  from  it  (personal  communic- 
ation,  Hajdu). 

On  thè  basis  of  a  comparison  with  literature  data,  we  may  state  that 
(although  thè  assimilation  number  may  be  influenced  by  several  factors  which 
cannot  be  left  out  of  consideration)  thè  chlorophyll  efficiency  of  thè  benthic 
plants  is  always  smaller  than  that  of  tlie  planktonic  plants.  The  difference  in 
advantage  to  thè  latter  can  be  explained  by  taking  into  consideration  their 
place  occupied  in  thè  water  space,  discussed  in  detail  in  thè  papers  by  Odum 
and  Pinkerton  1955,  and  Odum  and  co-workers  (1958). 

With  regard  to  thè  physiological  state  of  chlorophyll,  information  can 
be  obtained  also  from  thè  photosynthetic  activity  factor,  by  use  of  thè  equa- 
tion: 

assimilated  coal  g  d— 1 

activity  factors  =  - ; - 

biomass  coal  g 

The  activity  factor  for  Vaucheria  dichotoma  is  smaller  than  0.01,  which 
is  more  than  ten  times  less  than  that  given  for  phytoplankton  (Ahlgren  1970. 
Berman  and  Pollinger  1974;  Findenegg  1965;  Javorniczky  1966;  Odum 
1957,  etc.).  Several  authors  proved  that,  similarly  to  thè  assimilation  number, 
a  reversed  proportionalitiy  exists  between  thè  activity  factor  and  thè  biomass 
(Berman  and  Pollingher  1974;  Goldman  and  co-workers  1968;  Rodhe  1958 
etc.).  The  activity  factor  is  an  important  ecological  parameter  which  relates 
to  thè  age  and  state  of  thè  ecosystem  (Odum  1957). 

The  considerable  biomass  of  thè  sessile  vegetation  and  in  connexion  with 
it,  thè  great  quantity  of  chlorophyll,  as  well  as  thè  low  productivity,  small 
assimilation  number  and  photosynthetic  activity  factor,  are  characteristic  of 
benthonic  eutrophication. 

On  thè  basis  of  literary  data  and  of  our  results  of  examinations,  it  can 
be  stated  that  thè  benthic  chlorophyll  efficiency  is  smaller  than  thè  planktonic 
one,  while  at  thè  same  time  thè  benthic  chlorophyll  may  be  a  considerable 
quantity  in  thè  given  aquatic  area,  and  on  thè  basis  of  thè  correlation  which 
has  been  analysed  it  can  be  inferred  that  thè  benthic  plants  also  play  a  con¬ 
siderable  part  in  thè  matter  and  energy  turnover  of  thè  aquatic  ecosystem 
(Hargrave  1969,  Pieczynska  and  Szczepanska  1966,  Rich  and  co-workers 
1971,  Schindler  and  Free  1973,  Straskraba  1963,  Wetzel  1964,  etc. 
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In  our  opinion,  thè  exploration  of  thè  degree  of  trophy  of  waters  —  that 
of  their  eutrophication  —  is  to  a  great  extent  facilitated,  and  made  more 
accurate  together  with  information  on  chlorophyll  concentration,  by  thè 
parameters  studied  by  us  which  make  thè  elaboration  of  further  details 
possible. 
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The  paper  contains  thè  data  of  a  3-years’  examination  of  air  pollution  in  a  self- 
preserving  ecosystem.  The  author  measured  thè  quantity  of  sedimentary  and  suspended 
particulate  raatter,  sulphur  dioxide,  total  sulphur,  nitrogen  oxide,  and  examined  thè 
naturai  3,4-benzo-pyrene  content  of  thè  soil  and  plant  samples.  The  results  can  be 
considered  a9  thè  data  of  thè  naturai  background. 

Although  a  number  of  surveys  of  pollution  in  thè  environment  have 
been  made  in  Hungary,  no  examinations  were  carried  out  in  closed  areas 
allegedly  relatively  undisturbed  up  to  thè  present  time  in  areas  which  are  far 
removed  from  both  industriai  and  other  inhabited  regions. 

Within  thè  framework  of  thè  research  work  named  “Sikfokut  Project  (7)” 
we  had  tlie  opportunity  to  carry  out  basic  samplings  in  thè  area  given  in  thè 
title  of  our  paper.  With  respect  even  to  thè  future,  it  may  prove  very  useful 
to  compare  thè  results  obtained  here  —  as  a  background  —  with  those  measured 
in  thè  inhabited  areas,  or  with  those  to  be  obtained  later  in  similar  samplings. 
This  is  thè  reason  for  thè  selection  of  such  an  area,  which  lies  in  thè  southern 
part  of  thè  beech-land  region  of  thè  Central  Mountains  of  North  Hungary,  in 
a  Turkey  oak  forest  of  some  extension  at  a  distance  of  6  km  N — NE  from 
thè  town  of  Eger  (7). 

There  is  no  industriai  area  in  thè  neighbourhood.  The  site  is  separated 
from  thè  town  of  Eger  by  a  chain  of  mountains.  Its  climatic  conditions,  how- 
ever,  are  nearer  to  those  of  thè  Great  Hungarian  Plain.  Its  soil,  a  clayey  deposit, 
belongs  to  thè  group  of  brown  forest  soils. 

The  air  pollution  examinations  extended  to  thè  determination  of  sedi¬ 
mentary  and  suspended  particulated  matter  and  sulphur  and  nitrogen  oxides. 
In  addition,  we  examined  thè  3,4-benzo-pyrene  content  of  thè  soil  and  plant 
samples. 
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Methods 

In  thè  case  of  air  pollution  examinations,  thè  measurements  were  generally  taken 
twice  a  month,  at  three  points  of  thè  Project  area.  The  determination  of  thè  sedimentary 
dust,  sulphur  dioxide,  suspended  dust  and  nitrogen  oxides  was  made  by  means  of  thè  “Uniform 
air  pollution  testing  methods”  (5)  published  by  thè  National  Institute  of  Public  Health  in 
1972.  Total  sulphur  content  was  determined  by  thè  Liesegang-type  process  (13). 

The  quantity  of  thè  depositing  dust,  suspended  particulate  matter  and  total  sulphur 
were  measured  1.2  m  ahove  ground  —  below  thè  crown  of  thè  trees  —  and  at  a  height  of  25  mr 
above  thè  crown  of  thè  trees.  The  other  pollutants  examined  were  measured  at  1.2  m. 

The  soil  and  plant  samples  were  taken  in  agreement  with  thè  rules  of  sampling  (22). 

The  soil  samples  were  taken  from  depths  of  0  —  5,  5  —  10,  10  —  15,  40  —  50,  90  — 100  cm, 
at  several  points,  in  spring  and  in  summer.  After  drying,  quantities  of  1.0  — 1.2  kg  were 
processed. 

The  plant  samples  were  collected  in  various  seasons  of  thè  year  (spring,  summer  and 
autumn).  After  drying,  quantities  of  80  —  220  g  were  processed.  From  thè  solid  experimental 
material  which  was  dried  in  thè  dark  at  45°C  up  to  body-balance,  thè  constituent  part& 
(which  are  soluble  in  benzol)  were  removed  by  extraction  for  15  hours  in  a  Soxleth  apparatus. 
The  3,4  benzo-pyrene  was  separated  from  thè  extract  by  means  of  Sàringer’s  method  (llr 
10),  with  layer  chromatography,  and  its  quantity  was  measured  with  thè  help  of  a  spectro- 
photometer. 

According  to  our  experiences,  thè  quantity  of  thè  specimens  to  be  processed  is  to  be 
adapted  thus  that  thè  solution  to  be  used  in  thè  photometry  will  contain  at  least  0.2  ^g/ml 
of  3,4  benzo-pyrene.  If  it  contains  less  than  that  quantity,  thè  separation  of  3,4  benzo-pyrene 
cannot  be  checked  by  spectrophotometer. 


Fig.  1.  Monthly  and  yearly  averages  of  thè  results  of  sediinentation  examinations  (1973  — 
1975).  1  =  monthly  average  at  1.2  m;  2  =  monthly  average  at  25  m;  3  =  limit  value  of 
hygiene;  4  =  yearly  average  at  1.2  m;  5  =  yearly  average  at  25  m.  The  columns  marked 
by  capitai  letters  refer  to  data  from  thè  literature  (yearly  averages).  Aj  —  from  thè  inhabited 
area  of  Miskolc;  A2  =  from  thè  industriai  area  of  Miskolc;  B  =  from  thè  area  of  Debrecen; 

C  =  from  thè  area  of  Budapest;  D  =  from  thè  surface  of  thè  Lake  Balaton 
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Results 

The  quantity  of  thè  sedimentary  dust  was  measured  at  a  height  of 
1.2  m  and  at  25  m  above  ground  (Fig.  1).  Its  value  varied  between  0.88  and 
8.0  g(m2)  month;  at  a  height  of  25  m,  that  is,  above  thè  crown  of  thè  trees, 
thè  sedimentary  dust  was  about  thè  half  of  that  measured  at  1.2  m.  The  yearly 
average  is  32%  at  a  height  of  1.2  m,  while  it  is  only  17.5%  at  25  m,  of  thè 
hygienic  limit  value. 

The  value  of  thè  sedimentary  dust  measured  in  our  towns  (1,  2,  4)  is  in 
every  case  thè  multiple  of  that  in  our  samples.  In  certain  industriai  workshop 
areas  it  even  reaches  a  value  hundred  times  more  than  that. 

The  quantity  of  thè  suspended  particulated  matter  in  thè  air  is  shown 
in  Fig.  2. 

Its  measurement  was  taken  with  a  coniometer,  therefore  it  is  only  of 
an  informatory  character.  Its  value  varies  between  1.5  and  21.2  grains/ml. 
The  quantity  of  thè  suspended  particulate  matter  measured  above  thè  crown 
of  thè  trees  (thè  average  of  3  years  is  4.5)  is  about  thè  half  of  that  measured 
below  thè  crown  of  thè  trees  (3  years’  average  is  8.5). 


Fig.  2.  Monthly  and  yearly  averages  of  thè  sedimentary  dust  value  of  thè  air.  1  =  monthly 
average  at  1.2  m;  2  =  monthly  average  at  25  m;  3  =  yearly  average  at  1.2  m;  4  =  yearly 
average  at  25  m.  The  columns  marked  with  capitai  letters  refer  to  data  from  thè  literature 
(yearly  averages).  Aj  =  from  thè  inhabited  area  of  Miskolc;  A2  =  from  thè  industriai  area 
of  Miskolc;  B  =  from  thè  inhabited  area  of  Debrecen;  Cx  =  from  thè  inhabited  area  of 
Budapest;  C2  =  from  traffic  junctions  in  Budapest 
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Fig.  3.  Monthly  and  yearly  averages  of  thè  sulphur  dioxide  content  of  thè  air.  1  =  monthly 
average;  2  =  a  working  machine  in  operation  during  thè  measurement;  3  =  yearly  average; 
4  =  thè  average  during  thè  heating  season;  5  =  thè  average  during  thè  non-heating  period; 
6  =  hygienic  limit  value.  The  columns  marked  with  capitai  letters  refer  to  data  from  thè 
literature  (yearly  averages).  A  =  from  thè  area  of  Miskolc;  B  =  from  thè  area  of  Debrecen; 

C  =  from  thè  area  of  Budapest 


The  sulphur  dioxide  quantity  of  thè  air  is  shown  in  Fig.  3. 

The  values  obtained  are  very  low.  The  sulphur  dioxide  content  of  thè 
air  varies  hetween  0.001 — 0.05  mg/m3,  which  is  far  below  thè  hygienic  limit 
value.  The  3  years’  average  is  0.021  mg/m3.  In  thè  heating  season  sulphur 
dioxide  quantity  is  three  times  higher  (0.032)  than  in  thè  non-heating  season 
(0.01).  This  ineans  that  heating  makes  its  influence  felt  also  here. 

It  is  worthy  of  note  that  on  thè  occasion  of  one  of  our  measurements 
a  machine  was  operated  nearby,  as  a  result  of  which  thè  quantity  of  sulphur 
dioxide  measured  was  five  times  higher  (0.12  mg/m3). 

The  total  sulphur  content  of  thè  air  is  given  in  Fig.  4. 

Its  value  changes  between  0.00  and  3.00  mg/100  hours.  The  3  years’ 
average  at  a  height  of  1.2  m  above  ground  is  0.44  mg/100  hours,  while  at 
25  m  it  is  0.74  mg/100  hours.  The  values  above  thè  crown  of  thè  trees  were 
in  generai  higher  than  otherwise. 

In  thè  heating  season,  thè  quantity  of  thè  total  sulphur  content  is  approx- 
imately  three  times  (0.65 — 1.16)  that  of  thè  non-heating  season  (0.24 — 0.31). 
Accordingly,  sulphur  contamination  originating  from  heating  can  be  measured 
also  here. 
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thè  measurement;  4  =  yearly  average  at  25  in;  6  =  average  at  1.2  m  during  thè  heating 
season;  7  =  average  at  25  m  during  thè  heating  season;  8  =  average  at  1.2  m  during  thè 
non-heating  season;  10  =  hygienic  limit  value.  The  columns  marked  with  capitai  letters 
area  data  from  thè  literature  (yearly  averages).  A  =  from  thè  area  of  Miskolc;  B  =  from  thè 
area  of  Debrecen;  C  =  from  thè  area  of  Budapest 


The  operation  of  thè  machine  in  thè  vicinity  —  it  was  digging  a  trench 
for  cable-laying  —  showed  its  effect  also  in  thè  total  sulphur  content,  when  a 
value  of  14.1  mg/100  hours  was  obtained. 

The  quantity  of  nitrogen  oxides  of  thè  air  is  shown  in  Fig.  5. 

Its  value  varies  between  0.043 — 0.005  mg/m3.  The  3  years’  average  is 
0.016  mg/m3. 


Table  1 

3,4  benzo-pyrene  content  of  soil  samples 


Depth  of  thè  soil  layer, 
cm 

3,4  benzo-pyrene, 

P g/kg  soil 

0-  5 

3.4 

5-  10 

1.7 

10-  15 

2.4 

40-  50 

1.9 

90-100 

1.6 

9 
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Fig.  5.  Monthly  and  yearly  averages  of  thè  nitrogen-oxide  content  of  thè  air.  1  =  monthly 
average;  2  =  yearly  average;  3  =  hygienic  limit  value.  The  columns  marked  with  capitai 
letters  refer  to  data  from  thè  literature  (yearly  averages).  A  =  from  thè  area  of  Miskolc; 
Bj  =  from  thè  area  of  thè  Lajos  Kossuth  University  of  Sciences,  Debrecen;  B2  =  from  thè 
area  of  thè  Boda  forest  near  Debrecen;  C  =  from  thè  area  of  Budapest 


The  second  part  of  thè  examination  was  thè  determination  of  thè  3,4- 
benzo-pyrene  content  of  thè  soil  and  of  thè  plant  samples. 

The  3,4-benzo-pyrene  content  of  thè  soil  samples  taken  from  various 
depths  in  thè  Project  area  in  1974 — 1975  is  given  in  Table  1. 

The  lowest  values  were  found  in  soil  layers  5 — 10  cm  and  90 — 100  cm, 
viz.  1.7  ^g/kg  and  1.6  ^g/ kg.  The  highest  values,  3.4  //g/kg,  was  obtained 

Table  2 


3,4  benzo-pyrene  content  of  plant  specimens 


Plant  specimen 

3,4  benzo-pyrene 
//g/100  g  dry  material 

Upper  layer  of  under-litter  soil 

3.0 

Last-year  litter 

6.0 

Current  year’s  litter 

15.0 

Moss 

7.0 

Green  under-growth 

5.0 

Green  oak-leaf 

1.2 

Yellow  oak-leaf 

1.7 
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in  thè  0 — 5-cm  layer.  No  correlation  was  found  between  these  values  and 
thè  depth  of  thè  soil  stratum. 

The  quantity  of  3,4-benzo-pyrene  found  in  thè  plant  samples  collected 
in  thè  Project  area  in  1974  —  1975  is  given  in  Table  2. 

For  a  comparison,  we  offer  thè  data  obtained  by  Wettig  (21)  and  Mal- 
LETT  (14).  They  found  thè  following  quantities  of  3,4-benzo-pyrene  in  thè 
various  plant  specimens: 


Oak  leaf 

0.8 

Beech  leaf 

1.6 

Tobacco  leaf 

1.2 

Lettuce 

1.2 

Spinach 

2.0 

Litter 

30.0 

Under-litter  soil  layer 

6.0 

It  can  he  stated  that  thè  3,4-benzo-pyrene  content  is  thè  highest  in 
samples  which  underwent  decomposition  in  thè  given  period.  So  in  100  g  dry 
matter  of  thè  litter  in  1974  15  /x g  3,4-benzo-pyrene  was  found.  The  smallest 
quantity  was  found  in  thè  dry  material  of  green  oak  leaf;  1.2  /ig  3,4-benzo- 
pyrene  was  found  in  100  g  dry  material. 


Discussion 

The  determination  of  thè  background  values  of  thè  substances  polluting 
thè  atmosphere  has  so  far  been  treated  by  very  few  authors  in  Hungary. 
Varkonyi  (20)  was  thè  first  to  measure  one  of  thè  most  important  contami- 
nation  substances,  sulphur  dioxide,  with  a  coverage  of  thè  whole  country.  On 
thè  basis  of  bis  data,  thè  sulphur  dioxide  background  of  thè  air  in  thè  clearest 
part  of  thè  country  (thè  Comitats  Baranya  and  Csongràd)  is  of  an  identical 
order  of  magnitudo  with  our  data  measured  at  Sikfokut.  Concerning  thè  other 
pollutants,  no  similar  background  measurements  had  taken  place. 

In  thè  figures,  along  with  our  experimental  results,  literature  data  have 
also  been  indicated,  thus  providing  a  possibility  of  comparisons. 

Accordingly,  it  can  be  stated  that  thè  quantity  of  thè  sedimentary  dust 
measured  above  thè  crown  of  thè  trees  shows  an  agreement  with  that  measured 
by  Mórik  above  thè  Lake  Balaton  (16).  The  quantity  of  thè  suspended  parti- 
culate  matter  found  was  considerably  lower  than  that  measured  in  air  samples 
taken  from  inhabited  areas  (2,  8,  17). 

The  value  of  both  thè  sulphur  dioxide  and  thè  total  sulphur  content  is 
only  one-tenth  of  that  found  in  thè  air  of  our  inhabited  areas  (2,  4,  17). 


9* 
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The  nitrogen  oxide  content  of  thè  air  shows  an  agreement  with  thè 
average  values  of  0.010  mg/m3  measured  in  thè  Boda  Forest  near  Debrecen 
(15).  The  quantities  of  nitrogen  oxide  are  nearly  identical  in  thè  air  of  Deb¬ 
recen  and  Miskolc.  It  is  remarkable,  that  in  thè  air  of  Budapest,  measured  in 
1973  (4),  it  is  very  high  (0.125  mg/m3). 

On  thè  basis  of  our  measurements  we  may  state  that  in  thè  area  examined 
—  and  also  in  those  similar  to  this  area  —  one  has  to  reckon  with  an  air 
pollution  of  some  slight  extent.  This  adds  up  from  thè  pollution  of  thè  naturai 
background  and  from  thè  pollution  caused  by  civilization.  We  cannot  separate 
them.  Therefore,  we  can  only  estimate  thè  value  of  thè  reai  naturai  background. 

We  can  state  that  at  present  it  is  not  likely  that  in  Hungary  an  area 
would  exist  where  only  thè  naturai  background  pollution,  taken  in  an  absolute 
sense,  may  occur.  Nevertheless,  we  can  say  that  thè  air  pollution  values  meas¬ 
ured  here  can  be  considered  as  thè  basic  background  values  of  thè  air  pollu¬ 
tion  of  this  region,  at  this  time. 

It  would  be  necessary  —  at  least  occassionally  —  to  make  similar  surveys 
also  at  other  points  of  thè  country.  Thus,  in  thè  course  of  time,  one  could 
assess  changes  in  thè  present  background  under  thè  effect  of  civilization. 

The  data  of  3,4-benzo-pyrene  determinations  were  compared  with  those 
of  investigations  made  in  other  countries.  Borneff  examined  soil  samples  of 
German  forests  and  he  found  0.5  —4  /^g/kg  3,4-benzo-pyrene  in  them  (3). 

Shabed  and  his  co-workers  examined  300  samples  taken  from  thè  soil 
of  various  forests  in  thè  Soviet  Union  (18);  83%  of  thè  samples  contained 
1 — 3  //g/kg  3,4-benzo-pyrene,  while  thè  rest  contained  3 — 10  //g/kg  of  it. 
The  dust  samples  of  thè  great  cities  —  also  of  those  in  Hungary  —  contain 
from  ten  to  thousand  times  more  3,4-benzo-pyrene  than  that  shown  by  thè 
background  values  found  in  our  research  area  (9,  12,  19). 

On  thè  basis  of  thè  3,4-benzo-pyrene  examinations  of  thè  soil  and  of 
plant  samples  it  can  be  stated  that  in  Hungary  thè  quantity  of  3,4-benzo- 
pyrene  appearing  in  thè  soil  samples  taken  from  thè  forest  at  Sikfokut  is 
identical  with  that  found  in  thè  soil  samples  of  Soviet  and  German  forests. 
This  means  that  in  these  areas  —  and  probably  also  in  other  similar  areas  — 
thè  soil  is  not  yet  contaminated.  Thus,  one  may  suppose  that  thè  measured 
quantity  of  3,4-benzo-pyrene  represents  thè  reai  background  level. 

Concerning  thè  origin  of  thè  background  level,  one  might  mention 
forest  fires  and  it  is  probably  that  certain  Clostridium  species  synthesize, 
during  their  metabolism,  thè  polycyclic  aromatic  hydrocarbons.  Besides, 
they  can  get  into  thè  soil  by  thè  decomposition  of  plants  and  from  thè  ground- 
waters. 

The  polycyclic  aromatic  hydrocarbon  content  of  plants  originates  from 
three  sources:  from  thè  air,  from  thè  soil,  and  from  synthesis.  Concerning 
thè  latter,  it  has  been  proved  that  a  plant  can  perform  a  kind  of  endogenic 
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synthesis.  Gràf  and  Diehl  (6)  found  3,4-benzo-pyrene  in  thè  flora  and  fauna 
of  sea  regions  where  no  kind  of  external  source  of  pollution  could  be  found. 
For  thè  final  proof  of  this  endogenic  synthesis,  various  seeds  were  germinated 
in  an  absolutely  hydrocarbon-free  environment.  The  3,4-benzo-pyrene  content 
was  determined  before  and  after  germination.  It  was  established  that  thè 
various  seeds  contained  20—40  times  more  3,4-benzo-pyrene  after  germination 
than  before. 

Investigation  of  thè  environmental  carcinogenes  is  a  very  important 
task.  These  determinations  can  serve  as  guidelines  as  regards,  on  thè  one  hand, 
thè  quantity  of  carcinogenic  substances  accumulating  in  our  environment, 
and  thè  extent  of  elimination,  on  thè  other.  By  this,  research  provides  thè 
protection  of  environment  with  concrete  data  in  thè  struggle  against  cancer. 


Summary 

The  author  determined  thè  3,4-benzo-pyrene  content  and  thè  air  pollu¬ 
tion  of  plant  and  soil  samples  taken  from  thè  self-preserving  ecosystem  of 
an  oak-forest  considered  as  relatively  undisturbed  up  to  thè  present  time. 
The  aim  of  thè  air  pollution  examination,  conducted  for  three  years,  was  to 
determine  thè  background  values  for  thè  various  pollutants. 

The  yearly  average  value  of  thè  sedimentary  dust  was  4.05  g/m2/month 
at  a  height  of  1.2  m  above  ground,  and  2.2  g/m2/month  at  a  height  of  25  m 
above  ground. 

The  yearly  average  of  thè  suspended  particulate  matter  in  thè  air  was 
8.5  grains/ml  at  a  height  of  1.2  m  above  ground,  and  4.5  grains/ml  at  a  height 
of  25  m  above  ground. 

The  yearly  average  of  thè  sulphur  dioxide  content  of  thè  air  was  0.021 
mg/m3. 

The  three-years’  average  of  thè  total  sulphur  quantity  was  0.44  mg/100 
hours  at  a  height  of  1.2  m  above  ground,  and  0.74  mg/100  hours  at  25  m  above 
ground. 

The  yearly  average  of  thè  nitrogen  oxide  contamination  of  thè  air  was 
0.016  mg/m3. 

The  soil  samples  were  taken  from  depths  of  0 — 5,  5  — 10,  10  — 15,  40 — 50 
and  90  — 100  cm.  The  quantity  of  benzo-pyrene  found  in  thè  samples  was  1.6  —3.4 
/Mg/kg- 

The  3,4-benzo-pyrene  content  of  100  g  dry  material,  obtained  from  thè 
seven  kinds  of  plant  samples  examined  (litter  underneath  —  above-ground 
layer;  last  year’s  litter;  this  year’s  litter;  moss;  green  underwood;  green  oak- 
wood  leaf;  yellow  oakwood  leaf),  was  1.2 — 15  //g. 

Assumably,  thè  3,4-benzo-pyrene  value  obtained  in  thè  measurement 
stili  agrees  with  thè  reai  background  level. 
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NUMERICAL  TAXONOMIC  STUDIES 
ON  IRIS  PUMILA  L.  BY  CLUSTER  ANALYSIS 

By 
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BOTANICAL  RESEARCH  INSTITUTE,  HUNGARIAN  ACADEMY  OF  SCIENCES,  VÀCRÀTÓT 
(Received  June  10,  1976) 

Orloci’s  agglomerative  cluster  analysis  is  described  first,  then  applied  to  thè 
geographical  and  taxonomical  clustering  of  Iris  pumila  L.,  and  finally  thè  results  are 
assessed. 

The  material  consisted  of  thè  herharium  specimens  of  Iris  pumila  L.,  obtained 
from  some  35  localities  of  thè  Carpathian  Basin  (-f-  one  from  thè  Ukraine).  The  basis 
of  thè  examinations  was  provided  by  thè  14  (absolute)  sizes  measured  on  thè  leaves 
and  on  thè  perigone  of  thè  plant,  and  by  12  ratios  formed  from  thè  absolute  sizes. 

By  applying  Orloci’s  agglomerative  cluster  analysis,  4  analyses  were  carried 
out.  The  results  show  that,  although  thè  clusters  obtained  by  thè  analyses  were  fairly 
well-distinguishable  in  each  of  thè  cases,  thè  individuai  clusters  are  not  homogeneous 
either  geographically  (according  to  locality,  base  rock,  and  altitude)  or  with  regard 
to  thè  traditional  infraspecific  taxonomical  classifications. 

By  inference  it  can  be  said  that  on  thè  basis  of  thè  vegetative  part  sizes  and  of 
thè  ratios  formed  from  them.  Iris  pumila  L.,  in  thè  area  examined  (in  thè  Carpathian 
Basin),  cannot  be  classified  into  homogeneous  groups  either  geographically  or  according 
to  thè  current  taxonomical  classifications. 

The  examinations  indicate  that  thè  cluster  analyses  are  suitable  for  thè  solution 
of  taxonomical  tasks.  By  their  means,  on  thè  basis  of  characteristic  qualities,  thè  species 
examined  can  be  grouped  and  it  can  be  shown  whether  thè  clusters  originally  considered 
as  homogeneous  are  indeed  homogeneous. 


I.  Introduction 


1.1.  The  present  paper  is  actually  a  study  of  methodology.  Our  primary 
aim  was  to  try  out  and  present  one  of  thè  methods  of  cluster  analysis,  thè 
agglomerative  procedure  of  Orloci. 

By  means  of  thè  above  method,  we  carried  out  two  types  of  clustering  during  our  work, 
namely  we  examined 

—  how  thè  Iris  pumila  individuate  originating  from  a  geographically  large  area  form 
a  group; 

—  whether  thè  infraspecific  taxa  are  distinct. 

1.2.  In  phytotaxonomy,  thè  classification  has  been  and  is  even  today  based  on  more 
or  less  subjective  elements;  however,  in  1950  — 1960  attempts  were  made  to  increase  objectiv- 
ity  (in  connection  with  this  cf.  Goodall’s  remark,  1973). 

Numerical  taxonomy,  within  certain  limits,  endeavours  to  attain  an  objective  classi¬ 
fication.  Its  methods  are  based  on  multivariate  statistical  analyses  or  these  analyses  have 
been  borrowed  in  toto.  The  methods  elaborated  for  thè  classification  of  vegetation  have  had 
a  great  influence  on  thè  development  of  numerical  taxonomy.  In  thè  classification  of  thè 
vegetation  units,  cluster  analysis,  which  is  actually  an  analysis  family,  was  used  effectively. 

By  means  of  cluster  analyses,  we  can  explore  objectively  and  unambigously  thè  ‘naturai’ 
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clusters  of  thè  individuals  by  taking  into  account  a  random  number  of  their  characteristics. 

The  first  fundamental  textbook  of  numerical  taxonomy  was  published  in  1963  (Sokal, 
R.  R.  —  Sneath,  P.  H.  A.,  1963),  while  thè  first  summarizing  textbook  of  cluster  analyses  in 
1971  (Jardine,  N.  — Sibson,  R.,  1971).  Goodall  (1973)  gives  a  summary  of  thè  fundamental 
questions  of  numerical  classification,  of  its  basic  principle,  methods  andof  thè  cluster  analyses. 

1.3.  Cluster  analyses  can  be  classified  into  two  large  groups: 

1.  Divisive  cluster  analyses 

2.  Agglomerative  cluster  analyses. 

The  point  of  departure  in  thè  divisive  methods  is  thè  set  of  all  individuals  examined, 
which  then  are  successively  broken  down  at  thè  beginning  into  large,  then  gradually  into  smal- 
ler  clusters,  then  into  individuals. 

With  thè  agglomerative  methods  thè  approach  is  reversed:  starting  from  thè  individuals, 
we  build  up  thè  clusters  of  gradually  increasing  size  by  successive  contractions  up  to  thè 
maximum-size  cluster  which  then  contains  all  thè  individuals. 

The  result  of  thè  analysis  in  both  cases  is  thè  division  between  thè  two  endpoints,  that 
is  thè  classification  of  thè  individuals  into  a  certain  number  of  clusters.  The  determination 
of  thè  point  where  we  stop  dividing  or  contracting  varies  according  to  thè  methods. 

When  we  examine  individuals  m  and  measure  qualities  n  in  each  of  them,  thè  data 
matrix  will  be  of  size  m  X  n.  Let  us  consider  thè  individuals  as  points  in  a  Euclidean  space 
of  dimension  n.  The  position  of  these  points  are  determined  by  thè  quality  values  as  coordinates. 
Thus  every  axis  corresponds  to  a  quality  and  vica  versa.  Every  individuai  is  represented  by 
one  and  only  one  point  on  thè  various  axes.  When  thè  individuals  form  a  cluster  or  clusters4 
this  must  be  reflected  by  thè  arrangements  of  thè  points. 


II.  Method  and  material 


II.l.  Orloci’s  aggomerative  cluster  analysis.  One  of  thè  most  wide-spread  of  thè  cluste- 
analyses  is  Orloci’s  agglomerative  cluster  analysis.  It  has  a  number  of  advantageous  character 
istics:  it  is  based  on  naturai  principles,  relatively  simple,  and  easy  to  interpret. 

The  basic  principle  of  Orloci’s  method  is  that  it  decreases  to  thè  minimum  thè  variance 
at  every  level  within  thè  group  and  it  increases  to  thè  maximum  thè  variance  between  thè 
groups.  This  can  be  applied  for  both  thè  presence  and  absence  data  as  well  as  in  thè  case  of 
quantitative  data.  The  distance  between  samples  j  and  k  is: 


where  xy  is  thè  value  of  thè  i-th  variable  in  thè  j-th  sample,  while  Vj  is  thè  length  of  thè  j-th 
vector,  ì.e. 

|/  57x*j.  Standard  deviation  within  one  group  containing  samples  M  is: 


Q  = 


M  M 

2  2  Djk 


M 


At  thè  beginning  of  thè  analysis,  each  of  thè  points  is  regarded  as  a  separate  cluster, 
while  thè  increasingly  larger  clusters  containing  thè  smaller  ones  are  formed  by  successive 
contractions. 

During  thè  contractions  thè  following  rule  must  be  kept:  we  contract  always  those 
clusters  (only  two  at  a  step)  which  increase  to  a  smaller  extent  their  internai  variance  by  thè 
contraction  tlian  they  would  do  in  any  other  kind  of  contraction.  At  thè  first  step,  according 
to  thè  above  rule,  we  actually  contract  thè  points  “nearest  to  one  another”  (thè  ones  ainong 
which  thè  Euclidan  distance  is  thè  smallest).  To  thè  cluster  (i.e.  to  thè  pair)  thus  formed,  a 
third  sample  etc.  The  formation  of  groups,  i.e.  their  clustering,  continues  step  by  step  up  to 
thè  point  where  all  members  of  thè  sample  belong  to  one  cluster.  In  this  way  clustering  between 
thè  various  groups  may  at  each  level  take  place  only  in  a  way  of  liaving  a  minimum  standard 
deviation  within  thè  groups  while,  at  thè  same  time  thè  standard  deviation  between  thè  groups 
is  at  thè  maximum  level. 

A  significance  test  for  reliability  of  clustering  can  also  be  made  by  Orloci’s  clustering. 
This  method  is  in  many  respects  similar  to  thè  simplest  case  of  thè  analysis  of  variance,  where 
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Fig.  1.  Demonstration  of  thè  cluster  analysis  by  means  of  a  dendrogram  (Nos  1,  2,  3  etc- 

indicate  individuals) 


thè  total  variance  is  broken  down  into  variance  between  clusters  and  into  variance  within 
clusters,  but  it  is  not  identical  with  that  case. 

We  demonstrate  thè  result  of  thè  cluster  analysis  by  means  of  dendrograms.  On  axis 
X  in  Fig.  1,  thè  individuals  are  located  in  a  reasonable  but  random  order  so  that  thè  connecting 
lines  cannot  intercept  each  other.  On  axis  Y  thè  ratio  of  cluster  internai  variance  and  total 
variance  is  indicated  in  percentage.  The  total  variance  is  obtained  by  adding  up  thè  variances 
between  thè  groups  and  those  within  thè  groups  (Goodall  1973). 

The  individuals  connected  with  a  line  belong  to  one  cluster.  The  height  of  thè  horizontal 
connecting  line,  its  value  Y,  indicates  thè  percentage  accounted  for  thè  particular  cluster  within 
thè  total  variance,  i.e.  thè  degree  of  closeness  in  clustering  of  its  constituting  elements.  From 
this,  also  thè  distance  between  thè  various  points  can  be  inferred. 

The  FORTRAN  programme  of  Orloci’s  agglomerative  cluster  analysis  was  produced 
by  Goldstein  and  Grigal  (1972),  while  I  carried  out  thè  runs  on  thè  CDC  3300  computer 
of  thè  HAS. 

II.  2.  We  borrowed  for  our  work  some  260  herbarial  sheets  of  Iris  pumila  L.  from  thè 
herbarium  of  thè  Phytotaxonomical  and  Ecological  Department  of  thè  Eòtvòs  Lórànd  Uni¬ 
versity  and  from  that  of  thè  Botanical  Department  of  thè  Naturai  History  Museum.  I  selected 
50  specimens  each  of  thè  two  collections  by  taking  into  consideration  thè  following  points: 

thè  samples  should 

—  be  whole,  with  flowers,  i.e.  be  in  thè  same  phenophase; 

—  contain  specimens  dried  satisfactorily; 

—  have  well-measurable  characteristics; 

—  originate  from  geographically  different  localities  (for  example,  thè  Viennese  Basin, 
thè  Great  Hungarian  Plain,  Transylvania,  thè  Ukraine;  thè  localities  are  indicated 
in  Figs  3  —  8,  with  thè  appropriate  taxonomical  designations; 

—  belong  to  various  infraspecific  taxa,  according  to  thè  identificator;  for  example: 
var.  scapifera ,  transsilvanica ,  f.  lutea ,  etc. 

In  agreement  with  these  viewpoints,  I  was  able  to  use  also  thè  valuable  herbarial  speci¬ 
mens  which  had  been  collected  a  long  time  ago.  Collection  A  is  formed  from  thè  50  specimens 
obtained  from  thè  herbarium  of  thè  Eòtvòs  Lorànd  University,  while  those  originating  from 
thè  Botanical  Department  of  thè  Naturai  History  Museum  appear  in  collection  B. 
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I  made  an  exact  copy  of  each  of  thè  50  selected  individuals  (Fig.  2),  and  measuring  was 
made  on  thè  copies.  At  thè  drawing  and  in  measuring  only  thè  leaves  and  thè  length  of  thè 
perigone  were  considered,  thè  flower  parts  not.  The  flower  will  namely  become  strongly  deform- 
ed  at  drying  (even  its  colour  becomes  undistinguishable),  and,  if  I  had  measured  thè  flower 
parts,  I  should  have  torn  thè  flowers  into  parts,  certainly  not  to  be  done  with  borrowed  her- 
barial  specimens.  I  carried  out  thè  measurements  by  thè  so-called  localized  sampling  (Horàn- 
szky  —  Szócs  1972). 

I  considered  and  measured  14  characteristics  in  each  individuai  (Fig.  2): 

The  morphological  characteristics  used  for 

Analysis  1  (see  also  Fig.  2) 

VI  —  Number  of  leaves 

Y2  —  The  lengths  of  fiorai  axis,  ovary,  and  perigone  together 
Y3  —  Length  of  leaf  margin  I  (left) 

Y4  —  Length  of  leaf  margin  I  (right) 

V5  —  Length  of  leaf  I 

V6  —  Largest  diameter  of  leaf  I 

Y7  —  Length  of  leaf  margin  II  (left) 

Y8  —  Length  of  leaf  margin  II  (right) 

V9  —  Length  of  leaf  II 

V10  —  Largest  diameter  of  leaf  II 

Yll  —  Length  of  leaf  margin  III  (left) 

Y12  —  Length  of  leaf  margin  III  (right) 

Y13  —  Length  of  leaf  III 

Y14  —  Largest  diameter  of  leaf  III 


Fig.  2.  The  points  of  measurements  and  thè  variables  in  thè  individuals  (for  keys  to  thè  symbols 

see  Table  1) 
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Variables  V2,  Y3,  V4,  V5,  Y7,  V8,  V9,  VII,  V12  and  V13  were  measured  to  mm  accuracy, 
while  variables  V6,  V10  and  V14  to  decimai  mm  accuracy. 

The  characteristics  used  for  Analysis  2  (ratios) 

W1  =  V2/V5  —  Fiorai  axis,  ovary  and  perigone  lengths  together/length  of  leaf  I 

W2  =  Y2/V9  —  Fiorai  axis,  ovary  and  perigone  lengths  — together/length  of  leaf  II 

W3  =  V2/V13  —  Fiorai  axis,  ovary  and  perigone  lengths  together/length  of  leaf  III 

W4  =  Y5/V6  —  Length  of  Leaf  I/largest  diameter  of  leaf  I 

W5  =  V9/V10  —  Length  of  leaf  II/largest  diameter  of  leaf  II 

W6  =  V13/V14  —  Length  of  leaf  III/largest  diameter  of  leaf  III 

W7  =  V3/V4  —  Left  leaf  margin  length  of  leaf  I./right  leaf  margin  I  length 

W8  =  V7/V8  —  Left  leaf  margin  II  length/right  leaf  margin  II  length 

W9  =  V11/V12  —  Left  leaf  margin  III  length/right  leaf  margin  III  length 

W10=  V5/V13  —  Length  of  leaf  I/length  of  leaf  III 

Wll=  V5/V9  —  Length  of  leaf  I/length  of  leaf  II 

W12=  V9/V13  —  Length  of  leaf  III/length  of  leaf  III 

In  order  to  be  able  to  filter  out  thè  variability  caused  by  enviromnental  factors,  I  cal- 
culated  thè  ratio  numbers  of  thè  absolute  values,  see  thè  enumeration  of  ratios  above.  For 
it  is  presumable  that  thè  length  and  width  of  thè  leaves  vary  under  thè  effect  of  environmental 
factors,  whereas  thè  ratio  of  their  length  and  width  is  relatively  Constant  and  characteristic. 
Thus,  I  carried  out  altogether  four  analyses: 

1/L  Examination  of  geographical  groups  on  thè  basis  of  absolute  numbers; 
l/II.  Examination  of  geographical  groups  on  thè  basis  of  ratio  numbers; 

2/L  Examination  of  infraspecific  taxa  on  thè  basis  of  absolute  numbers; 

2/II.  Examination  of  infraspecific  taxa  on  thè  basis  of  ratio  numbers. 


III.  Results  and  their  discussimi 

Analysis  1\I.  —  Examination  of  geographical  groups  on  thè  basis  of  absolute 
measures  of  thè  vegetative  parts  ( Figs  3  and  5) 


Collection  A 

On  thè  basis  of  thè  absolute  measurements  of  thè  vegetative  parts,  it 
can  be  stated  that  thè  Iris  puntila  collection  consisting  of  thè  50  individuai 
and  originating  from  localities  which  lie  geographically  far  apart  from  one 
another  (Viennese  Basin,the  Buda  Hills,  Great  Hungarian  Plain,  Transylvania, 
Ukraine)  does  not  separate  into  homogeneous  geographical  groups  (Fig.  3). 
It  is  remarkable  that  individuai  No.  37,  which  originates  from  thè  Ukraine 
(Krasnogorka),  does  not  separate  from  thè  others  either. 

Since  thè  collection  was  extremely  varied  also  by  thè  basic  rock  and 
altitude  (dolomite,  loess,  granite,  andesite,  sand,  etc.,  and  altitudes  of  100 — 
600  m),  I  made  an  attempt  to  asses  thè  dendrogram  also  by  taking  these 
viewpoints  into  consideration,  but  thè  clusters  obtained  did  not  turn  out  to  be 
homogeneous  in  this  way  either. 

Collection  B 

This  collection,  which  originates  from  an  even  larger  area,  cannot  be 
separated  into  homogeneous  geographical  groups  either  (Fig.  5). 
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Fig.  3.  Analysis  1/1  —  Dendrogram  of  Collection  A.  Symbols: 


1:  /.  pumila  —  Bécsi  medence  (Viennese 
Basin) 

2:  I.  pumila  —  Naszàly 

3:  Iris  pumila  —  Naszàly 

4:  I.  pumila  —  Dorog 

5:  I.  pumila  —  Dorog 

6:  I.  pumila  —  Bécsi  medence 

7:  I.  pumila  —  Bécsi  medence 

8:  I.  pumila  —  Budai  hegység  (Buda  Hills) 

9:  I.  pumila  —  Budai  hg. 

10:  I.  pumila  —  Naszàly 

11:  I.  pumila  —  Horgos 

12:  /.  pumila  —  Tòròkugrató 

13:  /.  pumila  —  Kàposztàsmegyer 

14:  I.  pumila  f.  flava  -  Budapest 

15:  I.  pumila  —  Budai  hg. 

16:  /.  pumila  —  Budai  hg. 

17:  I.  pumila  —  Soroksàr 

18:  I.  pumila  —  Soroksàr 

19:  /.  pumila  —  Wien 

20:  I.  pumila  —  Sashegy 

21:  /.  pumila  —  Sashegy 

22:  /.  pumila  —  Sashegy 

23:  /.  pumila  —  Svàhhegy 

24:  /.  pumila  —  Svàhhegy 

25:  I.  pumila  —  Svàhhegy 


26:  I.  pumila  —  Farkasvòlgy 
27:  I.  pumila  —  Soroksàr 

28:  /.  pumila  —  Horgos 

29:  I.  pumila  —  Sashegy 
30:  /.  pumila  Sashegy 

31:  I.  pumila  -  Budai  hg. 

32:  /.  pumila  -  Nadap 

33:  I.  pumila  —  Szarvasko 

34:  I.  pumila  Hàrmashatàrhegy 

35:  /.  pumila  Hàrmashatàrh. 

36:  I.  pumila  —  Pozsony 

37:  J.  pumila  Krasznogorka 

38:  I.  pumila  —  Horgos 

39:  /.  pumila  var.  scapifera  —  Hosszuasza 
40:  /.  pumila  f.  coerulea  Budai  hg. 

41:  /.  pumila  f.  lutea  —  Hàrmashatàrh. 

42:  /.  pumila  —  Svàhhegy 

43:  I.  pumila  Budaujlak 

44:  I.  pumila  Kàposztàsmegyer 

45:  /.  pumila  Kàposztàsmegyer 

46:  /.  pumila  —  Hàrmashatàrh. 

47:  /.  pumila  —  Hàrmashatàrh. 

48:  /.  pumila  —  Hàrmashatàrh. 

49:  I.  pumila  —  Svàhhegy 

50:  /.  pumila  f.  coerulea  —  Budai  hg. 


In  summary,  it  can  he  stated  that,  even  though  in  Analysis  1/1  thè  dendro- 
grams  of  both  of  thè  collections  present  clusters  which  separate  fairly 
well,  these  cannot  he  interpreted  on  thè  basis  of  thè  above  viewpoints. 
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Analysis  ljll  —  Examination  of  geographical groups  on  thè  basis  of  ratio  numbers 
obtained  from  thè  measures  of  vegetative  parts  ( Figs  4  and  6) 

Collection  A 

Similarly  to  Analysis  1/1  jA,  here  we  find  also  well-distinguishable  clusters 
(for  example,  30 — 33 — 1 — 40),  which,  however,  are  not  geographically  homo* 
geneous  either  (Fig.  4).  In  Analysis  1/I1/A,  dissimilarly  to  Analysis  l/l/A, 
thè  Ukrainean  specimen  No.  37  separates  into  an  independent  cluster  (Figs 
4  and  3). 


Collection  B 

The  collection  cannot  be  broken  down  into  homogeneous  geographical 
groups  on  thè  basis  of  ratio  numbers  either,  although  it  is  divisible  into  well- 
separating  clusters  (for  example  17 — 42  or  14 — 27 — 11 — 48 — 15 — 19  in  Fig.  6). 

As  a  summary  it  can  be  stated  that  Analysis  l/II  resulted  in  clusters 
oonsiderably  diffcrent  from  that  of  1/1:  thè  clusters  were  completely  re-arrang- 
ed.  None  of  them  was,  however,  interpretable  on  thè  basis  of  geographical 


Fig.  4.  Analysis  l/II  —  Dendrogram  of  Collection  A.  For  symbols  see  Fig.  3. 
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Fig.  5.  Analysis  1/1  —  Collection  B  and  Analyi 

1:  I.  puntila  v.  lutea  —  Tàllya 

2:  I.  puntila  v.  lutea  —  Fuzér 

3:  I.  puntila  v.  lutea  —  Fiizér 

4:  I.  puntila  v.  lutea  —  Sopron 

5:  I.  p.  f.  lutea  —  Kolozsvàr 
6:  I.  p.  f.  lutea  —  Kolozsvàr 
7:  I.  p.  var.  lutea  —  Buda 
8:  I.  p.  var.  lutea  Buda 
9:  I.  p.  trans,  var.  flaviflora  —  Nagy- 

szeben 

10:  I.  p.  trans,  var.  flaviflora  —  Nagy- 

szeben 

11:  I.  p.  var.  scapifera  Budai  hg. 

12:  I.  transsilvanica  —  Budai  hg. 

13:  I.  transsilvanica  —  Budai  hg. 

14:  I.  transsilvanica  —  Hosszuaszó 

15:  I.  transsilvanica  —  Hosszuaszó 

16:  I.  transsilvanica  —  Hosszuaszó 

17:  I.  transsilvanica  —  Hosszuaszó 

18:  I.  trans,  f.  flava  —  Transsilvania 

19:  I.  trans,  f.  flava  —  Transsilvania 

20:  I.  transsilvanica  —  Sash. 

21:  /.  transsilvanica  —  Szàszsebes 

22:  /.  transsilvanica  —  Nagyenyed 

23:  /.  transsilvanica  —  Nagyenyed 

24:  /.  transsilvanica  —  Nagyenyed 


»is  2/1  —  Dendrograin  of  Collection  B.  Symbols 

25:  I.  transsilvanica  Szàszsebes 

26:  I.  transsilvanica  —  Transsilvania 

27:  I.  transsilvanica  -  Szàszsebes 

28:  /.  transsilvanica  Szàszsebes 

29:  /.  p.  prol.  trans.  —  Kolozsvàr 

30:  I.  p.  prol.  trans.  -  Szàszsebes 

31:  I.  transsilvanica  —  Szàszsebes 

32:  I.  puntila  —  Kolozsvàr 

33:  I.  puntila  —  Dorog 

34:  I.  pumila  —  Sàtoraljaujhely 

35:  /.  lutescens  —  Kolozsvàr 

36:  I.  pumila  —  Torda 

37:  I.  pumila  —  Hàrmashatàrh. 

38:  I.  pumila  —  Hàrmashatàrh. 

39:  I.  pumila  —  Borsod,  Bàlvànyh. 

40:  I.  pumila  —  Borsod,  Bàlvànyh. 

41:  I.  pumila  —  Csàkvàr 

42:  I.  pumila  —  Csàkvàr 

43:  I.  pumila  —  Kisvàrda 

44:  I.  pumila  —  Tòròkbàlint 

45:  /.  pumila  f.  flava  Budai  hg. 

46:  /.  pumila  f.  flava  Budai  hg. 

47:  /.  p.  var.  scapifera  Hosszuaszó 
48:  I.  pumila  -  Budai  hg. 

49:  I.  p.  f.  lutea  Hàrmashatàrh. 

50:  /.  pumila  —  Budai  hg. 


viewpoints,  that  is,  thè  clusters  obtained  were  not  geographically  homogeneous. 
It  can  accortlingly  be  inferred  that  on  thè  basis  of  thè  measurements  examined 
with  regard  to  thè  vegetative  parts  —  considering  either  thè  absolute  nuinber 
or  thè  ratio  number  —  Iris  puntila  L.  cannot  be  divided  into  geographically 
well-distinguishable  groups  or  taxa. 
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Analysis  2/1 — Examination  thè  grouping  of  infraspecific  taxa  on  thè  basis  of  thè 
absolute  measurement  of  thè  vegetative  parts  ( Fig .  5) 


Collection  B 

The  aim  of  this  analysis  was  to  examine  how,  on  thè  basis  of  infraspecific 
terms  found  on  thè  herbarial  sheet,  thè  individuai  arrange  into  groups.  Sup- 
posedly,  if  individuai  with  identical  names  arrange  into  identical  clusters, 
this  will  confirm  their  relatedness  and  justify  thè  term. 

Similarly  to  thè  former  analyses,  well-separating  clusters  were  obtained 
aio  here  (for  example,  11 — 17 — 23 — 33 — 47 — 15 — 48),  these,  however,  were 
heterogeneous  with  respect  to  their  terms. 

From  this  we  draw  thè  conclusion  that 

1.  either  thè  designations  used  on  thè  herbarial  sheet  are  not  correct, 

2.  or,  on  thè  basis  of  thè  measurements  of  thè  vegetative  parts,  thè  infra¬ 
specific  taxa  designated  by  thè  authors  cannot  be  separated  by  this  method; 

3.  or,  thè  separation  of  these  infraspecific  taxa  is  not  justified. 


Analysis  2\ II  —  Examination  of  infraspecific  taxon  groupings  on  thè  basis  of 

ratio  numbers  obtained  from  thè  vegetative  part  sizes  (Fig.  6) 

Collection  B 

In  comparison  with  thè  preceding  analysis,  thè  clusters  became  consider- 
ably  re-arranged,  but  these  clusters  are,  similarly  distinguishable  fairly  well. 
They  aio  contain  individuai  of  various  designation  and  so  they  do  not  con¬ 
firm  thè  justification  of  any  of  thè  designations,  which  again  indicates  one  of 
thè  three  cases  enumareted  above. 

On  thè  dendrogram  of  thè  analyses  described  in  detail  above,  we  have 
obtained  clusters  well-distinguishable  in  each  of  thè  cases.  These  clusters, 
however,  do  not  correspond  to  each  other  in  thè  various  analyses:  thè  same 
individuai  belong  to  different  groups  according  to  whether  we  take  into 
consideration  thè  absolute  number  or  carry  out  thè  analysis  on  thè  basis 
of  thè  ratio  numbers. 

The  individuai  clusters  are  heterogeneous  both  geographically  (by 
location,  base  rock,  altitude)  and  taxonomically,  i.e.  by  thè  taxonomical 
designations  used  by  thè  collectors. 

By  inference  it  can  be  stated  that,  on  thè  basis  of  thè  vegetative  part 
sizes  or  thè  ratio  numbers  calculated  from  them.  Iris  puntila  L.  in  thè  area 
examined  (in  thè  Carpathian  Basin)  cannot  be  classified  into  homogeneous 
groups  either  geographically,  or  into  thè  current  taxonomical  classification. 
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Fig.  6.  Analysis  l/II,  Collection  B  and  Analysis  2/II,  Collection  B  dendrogram.  For  symbols 

see  Fig.  5. 


Presumably,  Iris  pumila  L.,  on  thè  basis  of  flower  part  sizes  (or  pos- 
sibly  by  some  other  method),  classifiable  into  well-distinguishable  geog- 
raphical  units  or  infraspecific  taxa,  this,  however,  will  have  to  be  decided 
be  future  examinations.  In  which  case  we  shall  have  to  give  up  thè  possibility 
of  unambiguously  identifying  herbarial  specimens. 

The  analyses  described  above  prove  that  cluster  analysis  is  applicable 
for  thè  solution  of  taxonomical  problems.  By  this  means  and  on  thè  basis 
of  thè  characteristic  properties,  thè  species  examined  can  be  classified  into 
groups,  or  it  can  be  shown  whether  thè  groups  or  clusters,  originally  considered 
as  homogeneous,  are  indeed  such. 

Analysis  containing  erroneous  data  ( Figs  7  and  8) 

In  thè  course  of  my  work,  I  mistakenly  measured  in  one  of  thè  specimens 
(No.  31,  Figs  7  and  8),  a  leaf-bundle  consisting  only  of  leaves  and  had  also 
run  thè  programme  on  thè  basis  of  these  data  (absolute  numbers  and  ratio 
nuinbers). 

On  thè  dendrogram,  this  specimen  remarkably  separated  itself  from  thè 
others;  it  formed  an  independent  cluster,  while  another  specimen  obtained 
from  thè  same  locality  did  not  do  so. 
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Fig.  7.  Dendrogram  of  an  analysis  containing  erroneous  measuring  data  (absolute  numbers). 

For  symbols  see  Fig.  3. 


49  38  13  11  35  32  18  21  2  36  45  44  3  16  7  33  40  42  9  37  8  15  48  23  31 

Fig.  8.  Dendrogram  of  an  analysis  containing  erroneous  measureinent  data  (ratios).  For  symbols 

see  Fig.  3. 


10 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


414 


MELKÓ,  E. 


By  re-measuring  thè  first  specimen  and  by  running  thè  programme  with 
thè  newly  obtained  correct  data,  I  arrived  at  new  dendrograms  (Figs  3  and  4) 
in  which  this  specimen  did  not  separate  from  thè  others. 

This  erroneous  measuring  was  a  good  occasion  to  prove  that,  even  on 
thè  basis  of  thè  vegetative  part  sizes,  thè  individuata  having  measurements 
different  from  those  of  thè  others  can  be  separated  (for  example,  collection  A, 
individuata  Nos  31  and  37,  Fig.  8;  and  individuai  No.  37,  Fig.  4).  On  thè  other 
hand,  this  method  was  convincing  by  its  very  sensitivity,  since  it  immediately 
signalled  thè  error. 


IV.  Conclusions 

It  can  be  inferred  from  thè  analyses  that,  on  thè  basis  of  thè  sizes  of 
thè  vegetative  parts  and  of  thè  ratio  numbers  formed  from  them,  Iris  putnila 
L.  cannot  in  thè  area  examined  (in  thè  Carpathian  Basin)  be  classified  into 
homogeneous  groups  either  geographically  or  by  current  taxonomical  classi- 
fications. 

The  examinations  show  that  cluster  analyses  are  applicable  for  taxo¬ 
nomical  tests.  By  this  means  and  on  thè  basis  of  thè  characteristic  properties, 
thè  species  examined  can  be  set  into  groups,  or  it  can  be  demonstrated  whether 
thè  groups  or  clusters  originally  considered  as  homogeneous,  are  actually  such. 
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As  a  preliminary,  thè  author  outlines  thè  shortcomings  of  investigations  made 
so  far  as  well  as  thè  concept  of  diversity  based  on  set  theory  (Juhàsz-Nagy,  1973). 
A  review  of  different  diversity  and  equitability  functions  and/or  indices  used  in  thè 
literature  follows. 

The  investigations  were  made  in  a  sandy  meadow  (  Festucetum  vaginatae  danu- 
biale)  at  Yàcràtót  (near  Vàc,  North  Hungary). 

Six  diversity  functions  (thè  SiMPSON-type,  thè  GlNi-type,  thè  MclNTOSH-type, 
thè  PIE,  thè  corrected  —  with  thè  species  number  of  thè  population  and  thè  non- 
corrected  SHANNON-WEAVER-type),  and  one  equitability  function  (:D  ^i  min  /^i  max-  — 
Di. min- :)  were  examined. 

Two  conditions  of  sampling  were  made:  (a)  thè  increase  of  thè  area  of  thè  sub- 
samples  by  power  of  two,  from  100  cnr  to  3200  cm2,  (b)  thè  transforination  of  thè  shape 
of  thè  subsamples,  from  a  quadrate  to  a  gradually  narrower  rectangle  (side  ratios  also 
by  power  of  two,  from  1  :  1  to  1  :  32). 

No  systematic  relation  could  be  established  in  thè  case  of  thè  Simpson-  and 
MclNTOSH-type  functions  and  in  that  of  thè  PIE,  either  to  thè  increase  in  area,  or  to 
thè  transforination  in  shape. 

In  thè  case  of  thè  GlNi-type  and  thè  non-corrected  Shannon-Weaver  function, 
a  logarithmic  relation  was  visible  with  increase  in  thè  area.  The  diversity  of  thè  popu¬ 
lation  was  always  underestimated.  Their  values  were  independent  of  thè  transforma- 
tion  above  1600  cm2. 

A  hyperbolic  relation  was  shown  in  thè  case  of  thè  corrected  Shannon-Weaver 
function  to  thè  area.  The  diversity  of  thè  population  was  overestimated  to  400  cm2, 
and  underestimated  from  1600  cm2.  It  became  independent  of  thè  transformation 
above  800  cm2. 

The  equitability  values  changed  in  different  ways  by  thè  various  shapes  in  relation 
to  thè  area.  There  was  no  systematic  relation  to  thè  transformation.  For  thè  most  part, 
thè  equitability  of  thè  population  was  overestimated. 

The  best  estimate  of  thè  diversity  of  thè  population  investigated  could  be  made 
byuseof  thè  corrected  Shannon-Weaver  function  and  thè  subsample  of  1600  cm2  and 
1  :  32  side  ratio. 


I.  Introduction 

The  problems  of  correlations  between  thè  species  and  thè  number  of 
individuai  (Garthside,  1928;  cit.  in  Williams,  1964),  thè  species  and  thè 
abundance,  and  species  and  area  (Willis,  1922:  Gleason,  1922;  1925;  all 
three  cit.  in  Auclair  and  Goff,  1971)  have  already  been  raised  at  thè  start 
of  investigations  of  biocenoses.  These  inquiries  led  to  thè  formation  and  use  of 
thè  conception  named  diversity  after  Williams  (1944;  cit.  in  Williams  1964). 
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The  paper  discusses  thè  behaviour  of  some  diversity  functions  on  thè 
basis  of  examinations  carried  out  under  various  conditions  of  sampling  in  a 
sandy  meadow  ( Festucetum  vaginatae  danubiale). 

Before  analysing  thè  results,  we  shall  have  to  survey  —  even  if  briefly  — 
thè  problems  related  to  thè  concept  of  diversity  and  its  measuring,  thè  diver¬ 
sity  indices  and  functions  that  have  been  in  use  so  far,  and  thè  shortcomings 
of  diversity  examinations. 


II.  The  posing  of  thè  problems 

The  term  diversity  is  widespread  in  literature.  Several  authors  have 
discussed  it  in  various  approaches.  There  are  some  excellent  reviews  available 
(Pianka,  1966;  McIntosh,  1967;  Cancela  da  Fonseca,  1966,  1969a,  1969b; 
Peet,  1974),  offering  a  comprehensive  picture  of  thè  subject  and  its  literature. 
This  abundance  in  thè  use  of  thè  concept  is,  however,  burdened  with  grave 
problems.  In  most  of  thè  cases  it  implies  a  confused,  uncritical  mixture  of 
concepts,  definitions,  models  or  methods  of  measurement  (cf.  Eberhardt,  1969). 
The  concept  of  diversity,  in  most  of  thè  cases,  was  defined  by  means  of  thè 
function  which  was  used  forits  measurement  (cf.  Peet,  1974).  Since  there  were 
a  number  of  various  indices  or  functions  suggested  for  measuring  diversity, 
several  definitions  have  come  into  existence  even  though  thè  phenomenon  for 
which  they  are  applied  is  thè  same.  In  many  of  thè  cases,  thè  use  of  thè  con- 
ceptions  ‘diversity’  and  ‘heterogeneity’  is  also  confused. 

Therefore,  a  concise  definition  of  thè  concept  is  needed  above  everything 
else.  A  generai  and  concise  definition  does  exist  (Juhasz — Nagy,  1973),  but 
it  has  not  yet  gained  enough  ground  in  literature.  Owing  to  its  significance, 
it  shall  be  dealt  with  in  detail  below. 

Most  of  thè  diversity  indices  and  functions  that  have  been  used  so  far, 
and  their  applications,  bear  in  tliemselves  thè  heritage  of  thè  starting  problem 
(thè  question  of  species  and  number  of  individuai,  and  thè  species  and  area), 
that  is,  they  refer  only  to  thè  species-individuals  diversity.  This  is  only  a 
special  case  of  thè  concept  of  diversity;  by  means  of  thè  generai  definition 
(cf.  Juhasz — Nagy  1973),  thè  phenomenon  can  be  examined  in  a  much  wider 
sphere. 

The  extensive  ‘diversity’  of  thè  diversity  indices  and  functions  which 
are  in  use  results  —  in  addition  to  thè  state  that  thè  notion  is  uncleared  —  in 
thè  fact  that  there  is  no  uniform  System  of  models  which  would  make  possible 
either  a  uniform  approach  of  thè  problem  of  thè  various  synbiological  objects, 
or  an  examination  of  its  relationship  with  other  synbiological  basic  phenom- 
ena  (Juhasz —Nagy,  1972,  1973).  Consequently,  there  are  only  a  few  papers 
discussing  thè  examination  of  diversity  and  other  synbiological  basic  phenom- 
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ena  (for  example,  similarity,  preference,  etc.)  (Dévai,  Horvath,  and  Juhasz- 
Nagy  1972,  1973). 

Further  researches  are  needed  with  regard  to  thè  questions  of  diversity 
and  succession  and/or  degradatimi,  and  to  that  of  thè  relationship  between 
diversity  and  stability.  In  thè  case  of  thè  latter,  a  special  difficulty  is  thè 
unclarified  state  characterizing  thè  concept  of  stability. 

There  is  only  one  article  treating  thè  examination  of  diversity  by  means 
of  space  processes  (Dévai,  Horvath  and  Juhàsz-Nagy,  1971).  The  behaviour 
of  diversity  as  a  function  of  different  conditions  of  sampling  has  also  been 
discussed  only  on  a  very  small  scale. 

The  list  of  shortcomings  is  by  no  means  complete,  but  thè  questions 
which  were  mentioned  are  probably  thè  most  essential  ones  among  thè  nuiner- 
ous  problems  awaiting  an  analysis. 


III.  The  concept  of  diversity  and  its  measuring 


Diversity,  like  similarity,  preference,  etc.  is  one  of  tlie  synbiological  basic  phenomena 
(Dévai,  Horvath  and  Juhàsz-Nagy,  1971).  The  interpretation  of  synbiological  basic  phenom¬ 
ena  is  not  in  thè  scope  of  thè  present  study,  since  it  can  be  found  in  thè  papers  of  thè  authors 
mentioned  above. 

What  is  diversity?  The  simplest  way  of  interpreting  it  is  to  use  an  intuitive  example 
(Juhàsz-Nagy,  1973).  Let  us  take  a  fictive  community,  where: 

X  is  thè  set  of  individuai,  X  =  {*j,  #2,  •  •  •  xh  •  •  •  xn)  an(i 

Y  is  thè  set  of  species,  Y  =  {yl9  y2,  .  .  .  y .  .  .  ys} 


,V  x;  =  iV,  and  £  yu  —  S 
/  =  1  k- 1 


where  N  is  thè  total  number  of  individuai,  and 

S  is  thè  total  number  of  species, 

Let  nx  be  thè  number  of  individuai  belonging  to  species  y,,  n2  that  of  species  y2,  .  .  . 
ns  that  of  species  ys.  Sets  nx,  n2,  .  .  .  ns  are  reai,  disjoint  subsets  of  X: 

s  s 

U  n:  =  X  and  fi  u.-  =  <Z>  ,  and  aio 
j- 1  J  j- 1  1 

k  n j  =  N 

j- 1 

that  is,  each  of  thè  individuai  belongs  only  to  one  species.  Diversity  in  this  community  is  thè 
greatest  if  each  of  thè  individuai  belongs  to  a  separate  species,  that  is,  as  many  species  exist 
as  there  are  individuai.  Diversity  is  thè  smallest  —zero—  if  each  of  thè  individuai  belongs 
to  thè  same  species,  that  is,  there  occurs  one  species  only. 

In  other  words,  diversity  is  absolutely  maximum  in  thè  case  of 

(a)  S  =  N,  if  S  >  1  and  N  >  1 

and  it  is  absolutely  minimum  —zero —  in  thè  case  of 

(b)  S  =  1  ,  if  N  >  1  . 

Obviously,  diversity  can  aio  be  different  in  thè  case  of  a  given  S,  (1  <[  S  <[  iV)  depend- 
ing  on  thè  distribution  of  thè  individuai  among  thè  species,  that  is,  on  thè  relationship 
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of  thè  separate  nf  s  to  each  other.  This  relationship  is  called  equitability.  Evidently,  for  a  fixed 
S  (1  8  iV),  diversity  is  thè  greatest  if  thè  distribution  of  thè  individuate  is  equal: 

(c)  nl  =  n2  ...  —  ns. 

Diversity  is  thè  smallest  if,  with  thè  exception  of  one  species,  one  individuai  belongs 
to  each  of  thè  other  species  and  all  thè  remaining  other  individuate  belong  to  one  species: 

(d)  m  =  N  -  S  +  1  ,  and  nj=  1  ,  ( j  =  2,  3,  .  .  .  s) 

These  two  cases  are  thè  two  absolute  extreme  values  of  equitability  (in  case  (c)  thè  abso- 
lute  maximal,  in  case  (d)  thè  absolute  minimal).  These  are,  at  thè  same  time,  thè  two  locai 
extreme  values  of  diversity  (for  a  given  S,  (1  S  iV),  which  appear  between  (a)  and  (b). 
It  is  to  be  noted  that  in  case  (a)  thè  actual,  thè  locai  minimum  and  maximum  values  of  diversity 
are  equal,  and  in  that  of  (b)  these  values  are  all  zero. 

This  example  is  only  a  special  case  of  diversity,  thè  so-called  species-individual  diver¬ 
sity.  It  is  easy  to  infer  that  thè  concept  can  be  generalized.  By  keeping  thè  set  of  conditions  (set 
operations,  extreme  values)  and  by  using  thè  term  representant  in  place  of  individuai  and 
category  in  place  of  species,  we  obtain  thè  generai  interpretatimi  of  thè  concept  of  diversity. 
Following  from  this,  8  is  thè  number  of  categories,  N  is  that  of  thè  representants.  The  set  of 
thè  representants  (X)  is  thè  collection,  thè  diversity  of  which  undergoes  examination  (Juhàsz- 
Nagy,  1973). 

It  follows  from  thè  generai  interpretation  that  diversity  is  not  only  one 
of  thè  basic  phenomena  of  synbiological  Systems,  but  that  it  can  be  extended 
to  all  such  systems  where  partition  can  be  carried  out  (cf.  thè  set  operations) 
and  frequency  distribution  can  be  set  up.  Then  thè  basic  question  refers  to 
thè  nature  of  thè  empirical  diversity  in  relation  to  thè  theoretically  possible 
maximal  diversity. 

Obviously,  a  System  can  siinultaneously  have  various  structures.  For 
example,  synbiological  systems  have  topographic,  physiognomic,  floristic- 
faunistic,  trophic,  etc.  structures.  These  exist  simultaneously,  side  by  side. 
One  of  thè  various  structures  is  thè  frequency  structure  which  represents  thè 
number  of  categories  and  thè  distribution  of  thè  representants  in  thè  categories. 
Diversity  as  a  basic  phenomenon  reflects  this  structure. 

Diversity,  —  which  can  be  established  and  which  reflects  thè  frequency 
structure  of  a  given  System  —  is  a  result  of  several  effects.  In  most  of  thè  cases 
it  is  not  easy  to  disjoint  and  determine  these  effects.  Therefore,  thè  simple 
correlation  between  thè  diversity  and  other  variables  (e.g.  abundance,  productiv- 
ity,  efficiency,  stability,  several  physical  and  Chemical  parameters,  etc.)  must 
be  treated  in  a  very  criticai  way,  and  it  must  not  be  assumed  a  simple  causai 
relation. 

Synbiological  diversity  is  in  a  very  dose  relationship  with  thè  occupancy 
problems  of  statistical  mechanics  and  with  thè  problems  of  niche  segregation 
(Margalef,  1957;  Dévai,  Horvàth  and  Juhàsz-Nagy,  1971). 


For  measuring  diversity,  a  function  should  be  fouud  which  satisfies  thè  following  con¬ 
ditions —  following  ateo  from  thè  concept  of  diversity. 

1.  Its  absolute  maximum  should  be  in  thè  case  N  =  S,  (S  >  1  and  N  >  1),  its 
absolute  minimum  in  8  =  1,  ( N  >-  1). 
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2.  If  1  <,  S  <,  N,  then  for  a  given  S  it  should  assume  its  maximum  value  if  nj  =  ; 

while  its  minimum  value  when  n,  =  N  —  S  +  1,  and  n0  =  nQ  =  .  .  .  = 


N_ 

S 

=  1. 


3.  The  including  of  a  category  containing  a  zero  representant  should  not  change  its 
value,  that  is,  it  should  be  additive: 


D(nu n2,n3t...n9)  =  D{nt,n2,n3,. .  .nSt 0) 

4.  It  should  be  a  strictly  monotonie  function,  that  is,  on  addition  of  a  category  contain¬ 
ing  however  a  small  but  not  zero-valued  representant,  its  value  should  increase. 

D(n1,n2in3,...ns)  <  D{nv.n2,n3,. .  .ns,ns+l) 

Several  functions  can  satisfy  these  conditions,  The  diversity  values  calculated  on  thè 
basis  of  different  functions  react  differently  to  thè  changes  in  thè  number  of  categories  or 
in  thè  evenness  of  thè  distribution  (cf.  Peet,  1974).  This  problem  —  along  with  that  of  thè  unify- 
ing  of  thè  concept  —  raises  thè  necessity  of  unifying  thè  function  used  for  measurement. 
On  thè  basis  of  examinations  so  far,  thè  use  of  functions  derived  from  information  theory 
seems  thè  most  suitable,  primarily,  because  it  can  be  adjusted  to  thè  other  basic  phenomena. 
(Juhasz-Nagy,  1972;  Pielou,  1972;  Colwell-Futuyma,  1971;  Haedrich,  1975). 


IV.  A  short  survey  of  thè  various  indices  ; 
and  functions  used  for  measuring  diversity  and  equitability 


IV.l.  Diversity  indices  and  functions 

While  compiling  our  survey,  we  took  thè  examples  exclusively  from  thè  field  of  species- 
individual  diversity,  However,  thè  conclusions  drawn  from  thè  examples  are  similarly  valid 
in  relation  to  thè  generalized  diversity  concept. 


IV. 1.1  The  number  of  species  as  a  diversity  index 

Several  of  thè  authors  use  thè  concept  of  diversity  as  a  synonym  of  thè  species  number 
(Whittaker  1965;  McNaughton,  1967,  1968;  Singh  —  Misra,  1969;  Hurd  et  al.,  1971; 
Harger,  1972;  Barbour-Brown,  1974,  etc.)  This  is  not  correct  and  it  is  misleading;  it  is  more 
appropriate  in  such  cases  —  namely  when  it  is  only  thè  number  of  species  considered  —  to 
use  thè  term  species  richness. 


IV.  1.2.  Dominance- diversity  curves 

In  1965,  Whittaker  suggested  thè  use  of  curves  which  he  named  thè  dominance-diver- 
sity  curve  for  thè  examination  of  thè  structure  of  community.  These  curves  are  in  fact  logarith- 
mic  importance  —  species  sequence  curves,  where  thè  species  are  ranked  according  to  decreas- 
ing  ‘importance’  on  thè  x  axis;  thè  concrete  cquivalent  of  ‘importance’  can  be  several  kinds  of 
variable,  for  example,  biomass,  productivity,  thè  number  of  individuals,  etc.  He  considers  net 
annual  priinary  production  as  thè  most  suitable  one.  Similarly  Reiners  et  al.  (1971)  gave 
under  thè  name  dominance-diversity  curve,  a  curve  referring  to  foliar  cover  and  species  sequence. 

These  curves  offer  more  information  on  thè  collection  examined,  but  they  stili  do  not 
correspond  to  thè  concept  of  diversity  (cf.  III).  The  use  of  thè  term  diversity  is  incorrect  and 
misleading  also  here.  Although  their  shape  may  render  inferences  as  to  thè  number  of  species 
and  to  thè  distribution  of  thè  variable  examined  among  thè  species,  their  use  is  cumbersome, 
especially  in  comparative  studies.  The  curves  are  namely  to  be  drawn  with  respect  to  each 
of  thè  collections  and  then  compared  with  one  another.  This  needs,  if  we  want  to  choose  thè 
correct  way,  a  mathematical-statistical  analysis,  which  involves  a  circuitous  procedure. 
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IV. 1.3.  Diversity  indices  based  on  thè  total  number  of  species  and  individuals 

These  indices  are  based  on  thè  various  ratios  between  thè  number  of  species  and  individuals. 
Many  kinds  of  such  indices  can  be  created;  in  thè  literature  mostly  thè  following  seven  occur: 


<4  = 

s 

N 

Monk,  1966  (cit.  in  Auclair  — Goff,  1971) 

A 

S 

Gleason,  1922  (cit.  in  Auclair— Goff,  1971) 

«2  — 

log  N 

d  - 

S 

Gleason,  1922  (cit.  in  Auclair  — Goff,  1971; 

a  3  — 

log  T 

T  is  thè  total  area  from  where 

S  originates. 

<4  = 

S  -  1 

In  N 

Margalef,  1957 

<4  = 

log  S 
log  N 

Menhinick,  1964 

^6  = 

S 

Yn 

Meniiinick,  1964 

S  S 2 

d1  =  —jy-  =  —  Willis,  1922  (cit.  in  Auclair  —  Goff,  1971) 

ir 

These  ratios  are  not  diversity  indices  (cf.  Ili),  and  they  have  several  disadvantages. 
Above  all,  infinitely  many  different  S  and  N  can  give  thè  same  value,  since  a  ratio  number 
can  be  produced  from  infinitely  many  pairs  of  numbers.  Besides,  they  do  not  teli  us  anything 
about  thè  distribution  of  thè  individuals  among  thè  species. 


IV. 1.4.  Diversity  indices  based  on  species  abundance  curves 

If  we  illustrate  thè  number  of  species  as  a  function  of  thè  number  of  individuals  belong- 
ing  to  one  species,  we  obtain  a  discrete  frequency  distribution.  The  shape  of  thè  distribution 
will  depend  on  thè  number  of  species  and  on  thè  individuals  representing  one  species.  To  thè 
diagrams  obtained  in  this  way,  various  known  probability  distributions  can  be  fitted.  In  thè 
later  phases  of  analysis,  thè  number  of  species  and  thè  distribution  of  individuals  can  be  charac- 
terized  by  means  of  thè  corresponding  parameters  of  fitted  probability  distribution. 

The  first  distribution  recognized  to  be  well-fitted  to  certain  sampling  data  was  thè 
logarithmic  distribution.  Fisher,  Corbett  and  Williams  described  it  in  detail  in  their  paper 
published  in  1943  (cit.  in  Williams,  1964).  For  measuring  diversity,  they  used  one  of  thè  char- 
acteristic  parameters  of  distribution,  namely  a;  thè  value  can  be  expressed  from  thè  total 
number  of  species  and  individuals: 

S  =  -  aln(l  -  X) 

N=  a  X  (1  —  X) 

The  value  a  is  high  if  thè  diversity  of  thè  collection  examined  is  great,  and  it  is  small 
if  diversity  is  low. 

Beside  thè  logarithmic  distribution,  other  theoretical  probability  distributions  can  also 
be  fitted  to  thè  data  of  observation.  For  certain  data,  Preston  (1948,  cit.  in  Pielou,  1969) 
found  lognormal  distribution,  while  Brian  (1953)  found  thè  negative  binomial  distribution  thè 
most  appropriate  for  fitting.  All  distributions  have  their  characteristic  parameters  allowing  thè 
production  of  thè  function.  They  can  be  used  as  indices  of  diversity. 
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These  indices  also  have  several  disadvantages: 

—  thè  characteristic  parameters  obtained  from  thè  different  distributions  cannot  be 
compared  directly  even  in  thè  case  of  S  and  N  being  of  thè  same  magnitude; 

—  they  cannot  be  applied  uniformly  enough.  None  of  them  can  be  considered  as  suitable 
in  a  high  percentage  of  thè  cases; 

—  thè  r (Pearson  III.)-type  functions  are  flexible  enough  for  errors  to  be  easily  committed 
at  fitting,  not  choosing  thè  right  function.  But  even  in  thè  case  of  a  suitable  function, 
a  large  number  of  species  and  individuals  is  necessary  for  fitting.  They  cannot  be  used 
reliably  in  thè  case  of  small-sized  collections; 

—  in  many  of  thè  cases,  calculation  is  lengthy;  as  in  case  of  several  distributions,  thè  data 
will  have  to  be  transformed.  For  an  accurate  fitting,  thè  statistical  analysis  is  a  require- 
ment; 

—  finally,  thè  greatest  disadvantage  is  that  they  cannot  be  applied  in  thè  case  when  thè 
species  abundance  curve  observed  cannot  be  approximated  by  any  of  thè  theoretical 
distributions. 


IV. 1.5.  Yule-type  diversity  index 

The  frequency  distribution  of  diiferent  nouns  in  samples  taken  from  thè  works  of 
divers  authors  was  examined  by  Yule  in  his  work  published  in  1944  (cit.  in  Williams,  1964). 
The  characteristic  value  suggested  by  him  was  modified  by  Williams,  and  named  as  thè  Yule- 
type  diversity  index. 


Dy 


27  71/(71/  -  1) 

/- 1 

N 2 


Its  value  is  great  if  thè  diversity  is  high,  and  it  is  small  if  diversity  is  low. 


IV.  1.6.  The  Simpson-type  function 

Simpson  described  in  1949  thè  function  which  was  named  by  him  as  thè  measure  of 
concentration: 


27  ni(ni  —  !) 

;  _  _ 

N(N  -  1) 

The  value  X  is  thè  reciprocai  of  diversity,  i.e.  it  is  great  if  thè  diversity  is  low  and  vice  versa. 
The  function  used  for  thè  measuring  of  diversity  is  obtained  from  thè  following  equation: 

2  ni(ni  —  !) 

D  =  l  —  _ 

s  N(N  —  1) 

The  value  of  Ds  varies  between  zero  and  one.  If  each  of  thè  individuals  belongs  to  one 
species,  then  it  is  zero,  and  if  eachof  thè  individuals  belongs  to  a  separate  species,  then  it  is  one. 


IV. 1.7.  The  Gini-type  function 

For  thè  measuring  of  thè  heterogeneity  of  a  given  collection,  Gini  suggested  in  1912 
thè  function  named  thè  mutability  index  (“un  indice  di  mutabilità”)  (cit.  in  Leti,  1965),  as 

D0  =  i  —  2  pi 

i-i 
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The  probabilities  of  occurrence  appearing  in  thè  function  (p/)  can  be  estimateci  from  thè 
relative  frequencies: 


Dr, 


1  - 


The  value  of  Dq  changes  between  zero  (S  =  1,  N  >  1)  and  1 


_i-(S  =  iV,S>l,iV>l). 


IV.  1.8.  The  Hurlbert-type  probability  of  interspecific  encounter 

It  is  essentially  based  on  thè  same  consideration  as  thè  SiMPSON-type  measure  of  con- 
centration,  with  thè  only  difference  that  thè  two  individuals  chosen  random,  helong  not  to 
thè  same  but  to  different  species  (cf.  Simpson,  1949  and  Hurlbert  1971): 


PIE  = 


2  n,(N  -  ni) 

j=l _ 

N(N  -  1) 


Concerning  its  values,  thè  same  statements  hold  as  for  D$. 


IV. 1.9.  The  Mclntosh-type  diversity  function 

The  diversity  function  suggested  hy  McIntosh  (1967)  is  based  on  linear  algebra,  on  a 
basis  entirely  different  from  those  suggested  earlier: 


Dm  — 


N- 

1 

1  i-l 

n-Yn 


Its  value  changes  between  zero  (S  =  1,  N  >  1)  and  one  (S  =  IV,  S  >  1,  N  >  1). 


IV. 1.10.  Diversity  functions  based  on  thè  information  theory 

Lately  functions  derived  from  information  theory  have  been  used  inost  widely  and  their 
literature  is  also  thè  largest.  Two  kinds  of  function  exist,  one  for  finite  and  one  for  infinite 
collections,  that  is,  for  discrete  and  for  continuous  distributions.  Brillouin’s  formula  provides 
thè  quantity  of  information  or  diversity  for  finite  collections  as: 


H=^log  ,  f  , 

N  nì  !  n9l  .  .  .  nA 


where  K  is  a  Constant  depending  on  thè  basis  of  thè  logarithmic  function. 
Shannon-Weaver’s  formula  is  given  for  infinite  collection: 


s 

H'  =  —  £  Pi  logp/ 
i-l 


In  thè  latter,  thè  probabilities  of  occurence  (p/)  can  be  estimated,  according  to  what  has  been 
said  above  for  thè  GiNl-type  functions  (cf.  IV.  1.7),  from  thè  relative  frequencies  (Lloyd  et  al., 
1968;  Pielou,  1966a). 

Between  thè  usage  of  thè  two  kinds  of  function  there  is  an  essential  difference  of  inter- 
pretation  in  synbiological  practices.  A  detailed  description  and  explanation  of  this  can  be  found 
in  Pielou’s  papers  (1966a,  1966b,  1969). 
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IV. 2.  Equitability  indices 

In  thè  concept  of  diversity  there  are  two  independent  variables,  namely  thè  number 
of  species  and  thè  distribution  of  thè  individuala  among  thè  species.  The  result  is  that  thè  diver¬ 
sity  value  of  a  community  of  many  species  but  of  a  very  uneven  distribution  of  individuala 
can  be  in  agreement  with  that  of  a  community  with  a  small  number  of  species  but  of  an  even 
distribution  of  individuate.  Therefore,  diversity  must  be  disjointed  to  its  components.  The 
examination  of  thè  values  of  diversity,  of  thè  number  of  species  and  of  equitability  together 
provides  much  more  information  than  that  of  thè  value  of  diversity  alone.  There  is  no  problem 
with  thè  number  of  species.  For  thè  calculation  of  thè  diversity,  we  have  seen  a  few  of  thè 
possibilities.  For  thè  calculation  of  equitability  there  are  ateo  several  methods  described  in 
thè  literature.  It  is  to  be  noted  that  in  thè  case  of  IV. 1.1,  IV. 1.2  and  IV. 1.3,  equtability  cannot 
be  interpreted  and  therefore  no  possibility  exists  for  its  establishment  in  values. 


IV. 2.1.  The  formulas  used  most  frequently  are  as  follows  (Hurlbert,  1971): 


V'  = 


D 


D 


/.  max 


■P  Dj-  min 

^t.  max  Di.  min 


where  D/.mjn  and  F>/.max  are  thè  locai  minimum  and  maximum  values  of  diversity  (cf.  III), 
D  is  thè  actual  value  of  diversity.  V9  is  identical  with  Pielou’s  formulae  J  and  J’  (for 
Brillouin’s  and  Shannon-Weaver’s  formulae:  Pielou,  1966b,  1969). 


IV. 2.2.  Margalef  (1957)  and  Patten  (1962)  used  thè  redundancy  concept  applied  in  inform¬ 
ation  theory: 


n  __  fi-max  ~  -P 

Amax  Di.  min 

The  following  correlation  exists  between  redundancy  and  thè  value  of  V  :  R  =  1  —  V. 


IV. 2.3.  In  thè  equitability  index  suggested  by  Lloyd  and  Ghelardi  (1964),  thè  distribution 
named  as  thè  MAcARTHUR-type  broken  stick  model  (MacArthur,  1957)  is  used  as 


e 


ST_ 

S 


where  S  is  thè  observed  number  of  species.  S’  is  thè  number  of  species  calculated  from  thè 
MAcARTHUR-type  distribution  at  thè  actual  value  of  diversity.  According  to  this  formula, 
thè  distribution  is  thè  most  even  if  it  is  in  agreement  with  that  of  thè  model.  In  reality,  a 
distribution  more  even  than  this  has  already  been  observed  (Kricher,  1972;  Hajdu,  personal 
communication).  Besides,  in  calculating  thè  value  of  £,  thè  value  of  S’  is  often  a  fractional 
number  whose  interpretation  is  doubtful. 


IV. 2. 4.  The  equitability  index  cited  by  Sheldon  (1969)  is  formally  similar: 


where  S  is  thè  observed  species  number.  S*  is  thè  number  of  species  corresponding  to  thè  even 
distribution  providing  thè  same  value  of  diversity  at  thè  same  magnitude  of  N. 

S*  =  eD 

where  D  is  thè  observed  diversity  value,  V  is  thè  basis  of  thè  naturai  logarithm. 
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IV. 2. 5.  Fager  (1972)  suggests  two  possibilities  for  measuring  equitability.  One  of  them  (SD} 
is  thè  standard  deviation  of  thè  number  of  individuai  («/). 


S  V  n\  -  N*  1 

-J=± _ 

S(S-l)  J 


In  thè  other  function,  termed  by  him  thè  “number  of  moves”  (iVM),  there  are  two  variables, 
viz.  thè  number  of  individuai  (nt)  and  thè  ranks  belonging  to  thè  numbers  of  individuai 
(Ri).  The  largest  number  of  individuai  receives  rank  number  1. 


NM  = 


ms±i) 

2 


s 


-  R,n, 
1  =  1 


For  a  better  interpretation,  he  suggests  aio  a  scaling,  in  thè  same  manner  as  in  case  of  redun- 
dancy  (cf.  IY.2.2). 


IV.2.6.  Hill  (1973)  suggests  thè  usage  of  thè  ratios  between  thè  various  diversity  functions  (thè 
functions  of  Simpson  and  Shannon-Weaver)  and  thè  number  of  species.  These,  however, 
cannot  in  all  cases  be  interpreted  simply  (cf.  Peet,  1974).  The  cause  of  this  is  hidden  in  thè 
dual  nature  of  thè  diversity  functions  (cf.  IV.  2).  Since  this  duality  does  exist  in  each  of  thè 
functions  forming  thè  ratios,  no  direct  correlation  is  obtained  with  thè  nature  of  thè  distri- 
bution. 

It  is  to  be  noted  that  in  thè  case  of  S  =  1  (cf.  (b)  in  III),  equitability  cannot  be  inter¬ 
preted  —  there  exists  no  diversity  —  and  in  thè  case  of  S  =  IV  (cf.  (a)  in  III)  equitability 
cannot  be  computed  for  thè  scaled  indices  (e.g.  F,  I?,  scaled  SD  and  NM). 

In  thè  course  of  our  survey,  no  detailed  description  of  thè  various  indices  and  function 
could  be  given,  owing  to  lack  of  space.  It  was  also  only  in  relation  to  thè  most  essential  cases 
that  we  made  our  criticai  remarks.  A  detailed  discussion  or  a  more  elaborate  range  of  criticai 
remarks  are  to  be  found  in  thè  articles  of  thè  authors  cited,  or  in  thè  reviews  and  summarizing 
papers  (for  example,  Lloyd  and  Ghelardi,  1964;  Menhinick,  1964;  Dickman,  1968;  Sheldon 
1969;  Eberhardt,  1969;  Fager,  1972;  Hill,  1973;  DeBenedictis,  1973;  Allan,  1975; 
Hamilton,  1975;  DeJong,  1975,  Peet,  1975). 


V.  The  aim  of  thè  present  paper 

In  thè  knowledge  of  thè  shortcomings  described  above,  thè  airn  of  thè 
present  study  was  to  examine  species-individual  diversity  under  different 
conditions  of  sampling  in  botanical  objects.  Further,  thè  comparison  and 
analyses  of  six  diversity  functions,  viz.  of  thè  SiMPSON-type,  thè  GiNi-type, 
thè  PIE ,  thè  McIlVTOSH-type,  thè  corrected,  [with  thè  total  number  of  species 
of  thè  population,  (cf.  Pielou  1966b)],  and  thè  uncorrected  Shannon-Weaver 
functions,  and  thè  equitability  values  belonging  to  them,  respectively,  as  well 
as  thè  choosing  of  thè  most  suitable  one  on  thè  basis  of  sampling. 


VI.  Material  and  metliod 

The  examinations  were  carried  out  in  a  sandy  grassland  (Festucetum  vaginatae  danubiale ), 
one  of  thè  characteristic  cominunities  of  thè  calciferous  sandy  soil  in  thè  area  between  thè 
Danube  and  Tisza  rivers,  near  Vàcràtót,  in  July  1975.  The  size  of  thè  basic  sampling  area 
was  4.8  X  10  m.  In  this  area  10  species  occured,  represented  by  8493  individuals.  For  a  part 
of  thè  Thymus  species,  exact  identification  could  not  be  done  —  owing  to  infectedness  —  there- 
fore,  designed  as  Thymus  sp.,  they  were  treated  as  belonging  to  thè  same  species.  In  patch- 
forming  species  (Festuca  vaginata ,  Festuca  ivagneri ,  Fumana  procumbens ,  and  Thymus  sp.)% 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


COMPARATIVE  ANALYSIS  OF  SOME  DIVERSITY  FUNCTIONS 


425 


one  patch  was  taken  as  one  individuai.  The  distribution  of  thè  individuals  as  to  species  was  as 
follows:  Festuca  vaginata  2520,  Festuca  ivagneri  101,  Medicago  minima  1699,  Carex  stenophylla 
1518,  Thymus  sp.  1506,  Fumana  procumbens  1084,  Centaurea  arenaria  24,  Cynodon  dactylon  23, 
Plantago  indica  17,  and  Onosma  arenaria  1  individuai.  The  cover  of  thè  sampling  area  was 
about  65%;  thè  two  Festuca  species  represented  25%,  thè  Thymus  sp.  25%,  Fumana  procum¬ 
bens  10%,  while  thè  other  species  together  also  10%.  An  accurate  map  on  a  scale  of  1  :  10 
was  drawn  of  thè  basic  sampling  area,  and  all  further  elaborations  were  made  on  its  basis, 
using  a  slightly  modified  version  of  thè  so  called  ‘Photocomputational  Method’  (Szócs,  1977). 

During  thè  investigations  two  conditions  of  sampling  were  applied: 

1.  Increasing  thè  area  of  thè  subsamples  (within  identical  shapes)  by  powers  of  two, 
from  100  cm2  (100,  200,  400,  800,  1600,  and  3200  cm2). 

2.  The  transformation  of  thè  shape  of  thè  subsample  by  thè  elongation  of  thè  square 
into  an  increasingly  narrower  rectangle  (but  of  identical  areal  size),  by  increasing  thè  longer 
sides  again  by  powers  of  two  (side  ratios;  1  :  1,  1  :  2,  1  :  4,  1  :  8,  1  :  16,  and  1  :  32). 

The  various  subsamples  were  placed  on  thè  map  randoinly,  with  thè  aid  of  a  Hewlett- 
Packard  9820A-type  computer,  in  a  repetition  of  30  each.  A  total  of  1260  subsamples  were 
analysed.  The  individuals  representing  thè  various  species  were  counted  in  all  subsamples  — 
even  those  which  grew  on  thè  edge  of  thè  subsample,  and  even  if  a  larger  part  of  them  fell 
outside  thè  subsample  (patch-forming  species). 

The  following  uniform  designations  and  symbols  are  used:  S,  IV,  T  for  thè  total  number 
of  species,  of  individuals,  and  thè  area  of  thè  subsample;  DG,  PIE ,  H"  and  //corr* 
for  thè  diversity  values  calculated  on  thè  basis  of  thè  Gini,  Simpson,  Hurlbert,  McIntosh, 
Shannon-Weaver  functions  (not  corrected  and  corrected).  Eq,  Es ,  Epie ,  EM ,  EH^EH^OTT. 
are  equitability  values  belonging  to  thè  relevant  functions.  A,  B,  C,  D,  E,  and  F  represent  thè 
various  shapes  of  thè  subsamples  (A  is  thè  square  with  side  proportion  1  :  1;  B  is  a  rectangle 
with  1  :  2,  C  with  1  :  4.  D  with  1  :  8,  E  with  1  :  16  and  F  with  1  :  32  side  proportions).  The 
dash  above  thè  various  symbols  represents  thè  mean  of  thè  30  repetitions  performed  within 
identical  subsamples.  The  mean  values  are  at  thè  same  time  thè  estimates  of  thè  values  of 
thè  population  (4.8  X  10  m  basic  sampling  area). 

The  functions  which  served  as  a  basis  for  thè  calculations  were  partly  taken  from  thè 
originai  articles  of  thè  authors  (Simpson,  1949;  McIntosh,  1967;  Hurlbert,  1971);  Dq  was 
taken  from  Leti  (1965);  H"  and  //corr  from  Pielou  (1966b);  thè  equitability  from  Hurlbert 
(1971,  thè  formula  denoted  by  V).  The  calculations  of  satatistical  analysis  were  performed 
after  Svàb  (1973). 


VII.  Results  and  discussion 

VII.l.  Comparison  of  thè  various  functions 

Despite  thè  apparent  differences  in  definitions  and  formulas,  thè  SiMPSON- 
type  function  and  thè  PIE  are  identical: 


/)  -  1  _  ~  1)  —  -  nì(N  -  nì)  pTF 

N(N  -  1)  N(N  -  1) 
iV2  _  N  -  v  „?  +  y  n.  _  n  s- n.  _  y  n| 
N(N  -  1)  ~  N(N  -  1) 

N2  _  s;  nf  __  N2  -  v-  nJ 


since  JS7  n(  —  N  ; 


N(N  -  1)  N(N  -  1) 


When  defining  thè  PIE ,  Hurlbert  based  his  calculations  on  thè  number 
of  links  in  thè  food  web.  Each  of  thè  links  represents  thè  trophic  connection 
of  two  species  and  at  thè  same  time  a  prey-predator  connection  as  well.  Accord- 
ing  to  him,  in  communities  where  thè  PIE  value  is  high,  thè  “sensory  ability” 
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of  thè  predators  is  more  developed  than  in  communities  where  thè  PIE 
values  are  smaller.  Thus  thè  PIE  can  he  interpreted  synbiologically  much 
better  than  thè  SlMPSON  function. 

This  statement,  in  such  a  generalization,  is  too  simple  and  in  fact  not 
true.  In  thè  calculation  of  thè  PIE ,  all  thè  pairs  consisting  of  different  species 
do  appear.  In  thè  food  web,  however,  thè  number  of  such  pairs  is  always 
smaller,  for  thè  encounter  of  thè  two  different  species  belonging  to  identical 
trophic  level  does  not  mean  thè  consumption  of  one  of  them.  In  other  words, 
PIE  always  overestimates  thè  probability  of  thè  encounters  representing  thè 
trophic  connections,  and  it  does  this  to  different  extents  depending  on  thè 
number  of  species  which  compose  thè  various  trophic  levels.  Accordingly, 
there  is  no  reason  to  prefer  PIE  instead  of  Ds. 

The  following  correlation  exists  between  DG  and  Ds  :  Ds  = 

The  difference  between  thè  two  functions  gradually  decreases  with  thè  in- 
crease  of  N. 

The  values  of  H"  and  H"orr  also  approximate  each  other  with  thè 
increase  of  N,  within  a  given  collection  (Pielou,  1966a,  1966b). 

The  equitability  values  calculated  on  thè  basis  of  Ds  and  PIE  are  in 
agreement  owing  to  thè  identity  of  thè  two  functions. 

The  values  of  Es  and  Ea  differ  from  one  another  in  thè  case  of  very 
small  numbers  of  individuate;  this  difference  decreases  quickly  with  thè  in¬ 
crease  of  N.  The  rounding  of  thè  results  to  three  decimate  in  thè  case  of  N 
occuring  during  thè  processing  of  data  did  not  produce  any  difference.  There- 
fore  Es  could  be  used  in  place  of  thè  two  values  throughout  thè  calculations. 

The  equitability  values  of  H"  and  II c'orr  do  not  differ  from  each  another. 

In  thè  last  analysis,  three  equitability  values  were  produced  for  thè  six 
functions,  viz.  Es  for  functions  Ds,  DG,  and  PIE ;  EM  for  DM ;  and  EH .  for 
H"  and  H'^orr. 


VI  1.2.  The  values  calculated  for  thè  basic  sampling  area 

When  analysing  thè  results,  we  considered  as  population  thè  set  of  indi¬ 
viduate  occuring  in  thè  whole  4.8  X  10  m  area,  thè  diversity  of  which  was 
estimated  by  means  of  thè  various  subsamples.  The  values  of  thè  population 
related  to  thè  divers  variables  under  examination  took  thè  following  pattern: 
S  =  10  (when  calculating  thè  value  of  H'c 'orr  we  used  this  value  in  thè  correc- 
tion  member);  N  =  8493;  DG  =  0.792;  Ds  =  0.792;  DM  =  0.550;  H"  =  1.658; 
H'corr  —  1-659;  Es  =  0.880;  EM  =  0.795,  and  EH~  =  0.719.  These  values  ateo 
illustrate  what  has  been  said  above  with  regard  to  thè  approximation  of 
thè  relevant  functions  to  one  another  (cf.  YII.l). 
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VII. 3.  Changes  in  thè  function  of  thè  area 

There  existed  a  linear  relation  between  N  and  T  with  respect  to  each 
of  thè  subsamples  (Table  1).  The  correlation  coefficients  and  thè  linear  regres- 
sion  coefficients  are  given  in  Table  5.  The  very  high  correlation  coefficients  at 
thè  same  time  indicate  that  we  were  right  when  in  thè  case  of  thè  patch- 
forming  species  we  considered  one  patch  as  one  individuai. 

A  logarithmic  relation  was  found  between  thè  area  and  S,  DG  and  H" . 
When  increasing  thè  area,  S  did  not  flatten  in  thè  case  of  any  of  thè  subsample 
shapes  (see  Table  1;  Fig.  1).  In  thè  case  of  thè  D0  curves  a  flattening  could 
be  observed;  in  thè  case  of  shape  A  after  1600  cm2;  in  shapes  B,  C,  D  and  F 
after  800  cm2,  while  in  shape  E  after  400  cm2  (Table  2,  Fig.  2).  The  curve  of  H" 
flattened  after  1600  cm2  in  thè  case  of  each  shape  (Table  3,  Fig.  3).  The  correla¬ 
tion  and  linear  regression  coefficient  values  between  thè  variables  mentioned 
and  thè  logarithm  of  thè  area  are  given  in  Table  7. 

A  hyperbolic  relation  was  found  between  //"orr  and  T.  Flattening  of 
thè  curves  ensued  in  each  of  thè  shapes  after  1600  cm2  (Table  3;  Fig.  4).  The 
correlation  and  linear  regression  coefficient  values  between  thè  reciprocai 
of  thè  area  and  ffcorr  are  given  in  Table  9. 

The  values  of  Ds  and  D M  did  not  show  a  systematic  relation  with  thè 
increase  in  thè  area  (Table  2). 

The  three  equitability  values  were  very  near  to  each  otlier  and  behaved 
similarly  as  a  function  of  thè  increase  in  thè  area,  within  thè  various  shapes 


Table  1 


The  value  of  S  and  N  as  a  function  of  thè  shape  and  size  of  thè  subsample 


Area 

(cm2) 

Shape 

100 

1 _ 1 

200 

400 

800 

1600 

3200 

A 

2.233 

3.567 

3.067 

4.833 

3.567 

7.733 

4.433 

15.300 

5.200 

32.433 

5.600 

60.933 

B 

2.533 

3.500 

3.167 

5.267 

3.633 

8.600 

4.600 

17.330 

5.267 

32.567 

5.800 

62.833 

C 

2.367 

3.667 

3.167 

6.300 

3.767 

11.200 

4.433 

17.533 

5.167 

33.933 

5.600 

58.233 

D 

2.600 

3.800 

3.300 

6.933 

3.967 

11.000 

4.800 

19.467 

4.900 

35.767 

5.733 

65.200 

E 

2.867 

4.833 

3.667 

8.100 

4.233 

13.333 

4.733 

22.000 

5.467 

41.667 

5.600 

71.267 

F 

3.367 

6.233 

4.167 

9.300 

4.667 

14.600 

5.033 

26.700 

5.633 

40.500 

5.600 

73.667 

(Upper  values  belonging  to  a  given  shape  and  area  represent  S,  thè  lower  ones  IV) 
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Table  2 


The  values  of  DG,  Ds  and  DM  as  a  function  of  thè  shape  and  size  of  thè  subsample 


Area 

(cm!) 

Shape 

100 

200 

400 

800 

1600 

3200 

A 

0.396 

0.570 

0.614 

0.652 

0.732 

0.754 

0.543 

0.721 

0.737 

0.703 

0.757 

0.767 

0.498 

0.657 

0.646 

0.569 

0.591 

0.580 

B 

0.457 

0.560 

0.631 

0.686 

0.727 

0.750 

0.663 

0.698 

0.746 

0.733 

0.751 

0.763 

0.631 

0.636 

0.648 

0.594 

0.585 

0.576 

C 

0.484 

0.557 

0.641 

0.693 

0.736 

0.742 

0.838 

0.668 

0.729 

0.738 

0.760 

0.756 

0.636 

0.592 

0.613 

0.596 

0.592 

0.569 

D 

0.502 

0.613 

0.683 

0.722 

0.716 

0.748 

0.712 

0.728 

0.772 

0.764 

0.739 

0.760 

0.666 

0.638 

0.661 

0.620 

0.570 

0.572 

E 

0.554 

0.643 

0.701 

0.712 

0.735 

0.761 

0.724 

0.744 

0.776 

0.748 

0.754 

0.772 

0.650 

0.642 

0.656 

0.597 

0.579 

0.583 

F 

0.630 

0.699 

0.711 

0.735 

0.747 

0.758 

0.783 

0.794 

0.775 

0.765 

0.767 

0.769 

0.701 

0.689 

0.650 

0.608 

0.596 

0.578 

(Upper  values  are  Dq,  middle  values  Ds*  lower  values  Z)M,  belonging  to  thè  given 
shape  and  area) 


Table  3 


The  value  of  H  and  H"orr  as  a  function  thè  shape  and  size  of  thè  subsamples 


Area  ' 
(cm*) 

Shape 

100 

200 

400 

800 

1600 

3200 

A 

0.649 

2.435 

0.984 

2.284 

1.106 

1.951 

1.246 

1.578 

1.442 

1.593 

1.516 

1.593 

B 

0.765 

2.313 

0.989 

2.274 

1.129 

1.790 

1.323 

1.610 

1.436 

1.584 

1.515 

1.591 

C 

0.765 

2.133 

0.978 

2.049 

1.157 

1.685 

1.315 

1.594 

1.454 

1.594 

1.498 

1.578 

D 

0.823 

2.256 

1.067 

1.801 

1.245 

1.745 

1.417 

1.647 

1.391 

1.530 

1.529 

1.602 

E 

0.930 

2.216 

1.153 

1.736 

1.308 

1.736 

1.380 

1.597 

1.465 

1.579 

1.529 

1.595 

F 

1.094 

1.936 

1.305 

1.825 

1.383 

1.758 

1.441 

1.621 

1.518 

1.635 

1.519 

1.583 

(Upper  values  are  H" ,  lower  values  H"Q orr.,  belonging  to  thè  given  shape  and  area) 
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sampling  area  [cm2] 


Fig.  1.  S  plotted  against  sampling  area  (x  axis)  and  elongation  ( x  axis,  there  is  thè  ratio  of  thè 
longer  and  shorter  sides  of  thè  sampling  unit) 


sampling  area  [cm2) 


Fig.  2.  Dq  plotted  against  sampling  area  (x  axis)  and  elongation  (^axis,  scaled  in  thè  same 

manner,  as  in  fig.  1) 


11 
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Table  4 


The  value  of  £s,  and  as  a  function  of  thè  shape  and  size  of  thè  subsamples 


Area 
^  (cm2) 

Shape 

100 

200 

400 

800 

1600 

3200 

A 

0.474 

0.738 

0.665 

0.682 

0.869 

0.902 

0.469 

0.729 

0.645 

0.649 

0.826 

0.859 

0.464 

0.719 

0.636 

0.632 

0.815 

0.851 

B 

0.386 

0.638 

0.727 

0.772 

0.859 

0.889 

0.377 

0.628 

0.705 

0.738 

0.814 

0.840 

0.367 

0.618 

0.693 

0.730 

0.800 

0.828 

C 

0.513 

0.775 

0.807 

0.821 

0.883 

0.884 

0.511 

0.757 

0.778 

0.789 

0.841 

0.835 

0.509 

0.740 

0.777 

0.878 

0.835 

0.835 

D 

0.567 

0.775 

0.797 

0.857 

0.868 

0.889 

0.564 

0.761 

0.776 

0.821 

0.827 

0.843 

0.562 

0.754 

0.758 

0.809 

0.822 

0.847 

E 

0.819 

0.693 

0.849 

0.851 

0.870 

0.917 

0.808 

0.673 

0.829 

0.813 

0.822 

0.879 

0.804 

0.658 

0.813 

0.810 

0.808 

0.866 

F 

0.666 

0.763 

0.816 

0.886 

0.880 

0.911 

0.652 

0.742 

0.787 

0.850 

0.836 

0.871 

0.643 

0.721 

0.792 

0.836 

0.830 

0.857 

(Upper  values  are  i£s,  middle  values  E M,  and  lower  values  £H„  belonging  to  thè  given 
shape  and  area) 


sampling  area  [cm2] 


elongation 

Fig.  3 .  H"  plotted  against  sampling  area  ( z  axis)  and  elongation  ( x  axis,  scaled  in  thè  same  man- 

ner,  as  in  Fig.  1) 
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Fig.  4 .  H"cott.  plotted  against  sampling  area  ( x  axis)  and  elongation  (z  axis,  scaled  in  thè  same 

manner,  as  thè  x  axis  in  Fig.  1) 


Table  5 


The  correlation  and  linear  regression  coefficient  values 
betiveen  N  (y  variable)  and  area  (x  variable)  of  thè  various  subsamples 


Shape 

r 

T 

N 

a 

6 

A 

O.999+ +  + 

1.022 

0.019+++ 

B 

1.000+  +  + 

1.554 

0.019+++ 

C 

O.997+ +  + 

3.399 

0.018+  +  + 

D 

O.999+ +  + 

3.048 

0.020+++ 

E 

0.998+  +  + 

4.404 

0.021+++ 

F 

0.997+++ 

6.012 

0.021  +  +  + 

Level  of  significance:  +  +  +  =  0.1% 

Table  6 


The  values  of  correlation  and  linear  regression  coefficients  between  N 
(y  variable)  and  elongation  (x  variable )  for  thè  various  area  sizes  (In  elongation, 
thè  proportion  between  thè  longer  and  thè  shorter  sizes  were  considered  as  variable) 


Area 

(cm2) 

r 

Side  proportion 

N 

« 

6 

100 

0.993+  +  + 

3.315 

0.091+  +  + 

200 

0.948+  + 

5.363 

0.136+  + 

400 

0.897+ 

8.983 

0.200+ 

800 

0.984+  +  + 

16.232 

0.337+++ 

1600 

0.858+ 

33.085 

0.291  + 

3200 

0.901  + 

60.559 

0.457+ 

Levels  of  significance:  +  =  5%,  ++  =  1%,  +  +  +  =  0.1% 
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Table  7 


The  values  of  thè  correlation  and  linear  regression  coefficients  between  S,  Dq,  H"  (y  variables)  and  thè  logarithm 
of  thè  area  (x  variable)  for  thè  various  shapes  of  subsamples 


logT 

Shape 

S 

Da 

H- 

r 

« 

b 

r 

a 

b 

r 

a 

b 

A 

0.996+^ +  + 

-2.280 

2.287+  +  + 

0.953+  + 

0.016 

0.219+  + 

0.980+  +  + 

-0.371 

0.555+  +  1" 

B 

0.996+  +  + 

-1.999 

2.240+  +  + 

0.973+  + 

0.107 

0. 192+  + 

0.988+  +  + 

-0.188 

0.502+  +  + 

C 

0.998+  +  + 

-1.881 

2.167+  +  + 

0.970+ + 

0.151 

0.178+  + 

0.984+ +  + 

-0.177 

0.498+  +  + 

D 

0.989+^ +  + 

-1.348 

2.021  +  +  + 

0.917+ 

0.252 

0.150+ 

0.956+  + 

0.024 

0.444+ + 

E 

0.988+++ 

-0.684 

1.857+++ 

0.941 +  + 

0.339 

0.125+  + 

0.968+ + 

0.247 

0.380+  + 

F 

0.971++ 

0.583 

1.512+  + 

0.931  +  + 

0.502 

0.077+  + 

0.937+  + 

0.639 

0.268+  + 

Levels  of  significance:  +  =  5%,  ++  =  1%,  +  +  +  =  0.1% 


Table  8 

The  values  of  correlation  and  linear  regression  coefficients  between  E$,  EM,  and  Eh „  (y  variables )  and  thè 
logarithm  of  thè  area  (x  variable )  for  thè  various  shapes  of  subsamples 


l°g  T 

Shape 

ES 

em 

EH„ 

r 

_ 

b 

T 

a 

b 

r 

a 

b 

Y 

0.878+ 

0.055 

0.242+ 

0.840+ 

0.110 

0.213+ 

0.840 

0.106 

l 

0.211  + 

B 

0.938++ 

-0.130 

0.306+  + 

0.922+  + 

-0.076 

0.276+  + 

0.921  +  + 

-0.082 

0.274+  + 

C 

0.850+ 

0.208 

0.208+ 

0.822+ 

0.260 

0.179+ 

0.808 

0.236 

0.191 

D 

0.878+ 

0.283 

0.185+ 

0.846+ 

0.337 

0.155+ 

0.872+ 

0.320 

0.159+ 

E 

0.720 

0.566 

0.097 

0.613 

0.597 

0.075 

0.577 

0.595 

0.072 

F 

0.946+  + 

0.390 

0.156+  + 

0.938+ + 

0.413 

0.137+  + 

0.935+  + 

0.403 

0.137+  + 

Levels  of  significance:  +  =  5%,  +  +  =  1% 
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Table  9 

The  values  of  correlalion  and  linear  regression  coefficients 
between  H COrr  (y  variable )  and  thè  reciprocai  of  thè  area  (x  variable) 
for  thè  various  shapes  of  subsamples 


Shape 

1 

~T 

^corr. 

r 

« 

A 

0.932+  + 

1.591 

96.005+  + 

B 

0.917+ 

1.581 

85.142+ 

C 

0.937+  + 

1.557 

64.059+  + 

D 

0.979+  +  + 

1.538 

68.765+  +  + 

E 

0.966+  + 

1.536 

63.215+  + 

F 

0.955+  + 

1.610 

35.452+  + 

Levels  of  significance:  +  =  5%,  ++  =  1%,  +  +  +  =  0.1% 

Table  10 


Percentage  deviation  between  thè  values  of  thè  population 
and  thè  function  values  observed  at  thè  beginning  of  thè  flattening  phase 


Shape 

H" 

•^corr. 

dg 

ES 

em 

Eh* 

A 

13.03 

-3.98 

7.70 

-1.25 

3.90 

13.35 

B 

13.39 

-4.52 

-13.38 

-2.38 

2.38 

11.26 

C 

— 12.30 

-3.92 

-12.50 

-6.71 

-0.75 

22.11 

D 

-  16.10 

-7.77 

8.83 

-2.61 

3.27 

12.52 

E 

-11.64 

-4.82 

-11.49 

-3.52 

3.90 

13.07 

F 

-  8.44 

-1.45 

-  7.19 

0.68 

6.91 

16.27 

(Negative  values  represent  underestimations  of  thè  values  of  population,  positive 
values  are  overestimations) 


(Table  4).  A  logarithmic  relation  could  be  detectecl  in  shapes  B  and  F;  in  thè 
case  of  C,  D  and  A  thè  relation  was  logarithmic  in  nature  but  with  a  worse 
correlation  than  in  thè  case  of  thè  preceding  ones,  In  shape  E,  no  simple 
function  relation  could  be  detected.  The  coefficients  are  given  in  Table  8. 

VII.  4.  Changes  in  thè  function  of  elongation 

Within  an  identical  size  of  thè  area,  N  changed  linearly  also  by  elonga¬ 
tion,  in  each  of  thè  area  sizes,  but  to  a  much  smaller  extent  than  in  thè  case 
of  area  change  (cf.  Tables  1  and  6). 
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The  values  of  S,  DG  and  H"  increased  within  an  area  size  by  thè  elonga¬ 
tion,  but  thè  increase  in  thè  gradually  increasing  areas  was  of  a  gradually 
smaller  extent.  The  curves  were  increasingly  flattening.  S  after  800  cm2,  DG 
and  H"  after  1600  cm2  became  independent  of  thè  elongation,  with  some 
fluctuation  they  produced  a  horizontal  (Tables  1  and  2,  Figs  2  and  3). 

The  value  of  H£orr  behaved  similarly,  with  thè  difference,  however, 
that  it  showed  a  decrease  instead  of  an  increase  by  thè  elongation,  and  it 
became  independent  after  800  cm2  (Table  3,  Fig.  4).  Ds,  DM  and  thè  three 
equitabilities  did  not  show  a  systematic  change  by  thè  elongation;  it  could 
notwithstanding  be  stated  that  thè  range  of  thè  values  decreased  with  thè 
gradually  increasing  areas  (Tables  2  and  4). 

In  thè  case  of  thè  functions  showing  a  systematic  relation  with  thè 
increase  in  area  ( DG ,  H"  and  H'c \0YY  for  each  of  thè  shapes,  and  Es  EG  E H* 
for  shapes  A,  B,  C,  D  and  F)  thè  diversity  and  equitability  values  of  thè 
population  can  be  estimated  from  thè  beginning  of  thè  flattening  phase.  The 
percentage  difference  between  thè  values  measured  in  this  area  size  and  those 
of  thè  population  is  given  in  Table  10. 

Summing  up  thè  results  of  thè  examinations,  it  can  be  stated  that  thè 
best  estimation  was  attained  by  thè  application  of  H'^orr  in  thè  case  of  thè 
subsample  1600  cm2  in  area  and  1 : 32  in  side  proportion.The  smallest  percentage 
deviation  between  thè  observed  and  thè  actual  values  in  tlie  case  of  H"  and  Da 
was  produced  also  in  this  subsample,  although  thè  difference  was  greater 
than  that  in  if£ orr.  Each  of  thè  observed  diversity  values  underestimated 
thè  value  of  thè  population. 

Among  thè  equitabilities,  Es  with  thè  exception  of  one  shape  F  under¬ 
estimated,  EM  with  thè  exception  of  one  shape  C  overestimated,  and  EH.  for 
all  shapes  overestimated  thè  equitability  value  of  thè  population. 
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The  distribution  of  Rhodobryum  ontariense  (Kindb.)  Kindb.  is  discussed  in  Central 
Europe  and  in  thè  Carpathian  Basin,  based  on  thè  herbarium  material  of  thè  Hungarian 
Naturai  History  Museum.  R.  ontariense  from  9  countries  is  newly  reported,  all  within  thè 
broad-leaved  deciduous  forest  zones,  from  calcareous  soils. 

Z.  Iwatsuki  and  T.  Koponen  (1972),  have  reestablished  thè  very  good 
distinction  between  R.  roseum  and  R.  ontariense ,  in  their  comprehensive  paper 
on  thè  temperate  species  related  to  R.  roseum.  Examining  thè  material  of 
several  great  lierbaria,  they  have  shown  thè  distribution  of  both  species  and 
established  that  most  of  thè  material  collected  in  North  America  (excepting 
a  few  records  from  thè  pacific  coast)  belong  to  R.  ontariense.  Both  species  are 
widespread  in  Asia,  but  R.  ontariense  seems  more  thermophilous  and  distributed 
at  lower  altitudes  and  latitudes,  than  R.  roseum.  On  thè  basis  of  their  studies 
in  Europe,  R.  roseum  is  widespread  and  R.  ontariense  appears  to  be  rare  and 
disjunct,  recognized  only  from  very  few  localities  in  thè  Caucasus,  thè  Pyre- 
neans,  and  in  Southern  Scandinavia  (Oland).  They  suggest  (page  16)  that 
more  European  46 Rhodobryum  roseum ”  material  should  be  studied  to  obtain 
a  full  picture  of  thè  distribution  of  R.  ontariense. 

In  October,  1976,  T.  PÓCS,  accompanied  by  his  students  and  by  Mrs. 
Deisi  Reyes  Montoya  from  Cuba,  led  a  study  trip  in  thè  Biikk  Mts.,  northern 
Hungary,  where  he  found,  on  thè  shady  limestone  rocks  of  a  broad-leaved 
deciduous  forest  (Mercuriali-Tilietum)  at  thè  SE  foot  of  Mt.  Odorvàr  (300  m 
altitude),  patches  of  a  Rhodobryum  which  reminded  him  of  thè  description 
of  R.  ontariense  as  given  by  Iwatsuki  and  Koponen.  A  more  careful  study 
proved  that  thè  specimen  represents  very  typically  thè  above  species. 

Encouraged  by  this  discovery,  thè  authors  studied  thè  Rhodobryum 
roseum  material,  counting  more  than  300  specimens,  in  thè  Botanical  Depart¬ 
ment  of  thè  Hungarian  Naturai  History  Museum  (BP),  thè  Haussknecht 
Herbarium,  Jena  (JE),  and  thè  relatively  small  material  of  thè  Eger  College 
Herbarium  (EGR).  The  study  resulted  in  thè  interesting  experience  that  true 
R.  roseum  is  quite  rare  in  thè  Carpathian  Basin,  especially  in  Hungary,  being 
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restricted  to  spruce  forests,  bogs,  alder  fringes  and  montane  Nardus  sward 
on  acidic  soil.  On  thè  other  hand,  R.  ontariense  is  widespread,  especially  on 
limestone  and  dolomite  in  thè  broad-leaved  deciduous  forests  of  thè  Hungarian 
Upland,  but  occurs  also  on  thè  calcareous  sand  dunes  of  thè  lowlands.  It 
appears  to  be  common  also  in  thè  broad-leaved  forest  zones  of  thè  neighbouring 
countries,  in  Czechoslovakia,  in  Soviet  Carpatho-Ukraine,  and  it  occurs  even 


Fig.  1.  Specimens  of  Rhodobryum  roseum  (A  — C)  and  of  Rhodobryum  ontariense  (D  — F)  from 
thè  Carpathian  Basin.  A:  NE-Hungarian  Highlands,  Sàtor  Mts  118862.  B:  SW-Hungary, 
Nagykanizsa-Sormàs  118804.  C:  W-Hungary,  Kàm,  118802.  D:  Yugoslavia,  Deliblat,  Flamunda 
63699.  E:  NE-Hungarian  Highlands,  Tornai  Karszt  118863.  F:  SW-Hungarian  Highlands, 

Bakony  Mts.  118835 
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Fig.  2.  Leaves  of  Rhodobryum  roseum  (A  —  C)  and  of  Rhodobryum  ontariense  (D  — F).  A:  Western 
Ilungary,  Szoce,  58513.  B:  Western  Hungary:  Kàm,  118802.  C:  Slovakia,  Velka  Fatra,  118785. 
D:  SW-Hungarian  Highlands,  Gerecse  Mts.  E:  Western  Hungary,  Sopron,  118798.  F:  Balaton 

Highland,  Mt.  Szt.  Gyòrgy,  7801 


in  Yugoslavia,  Italy,  Switzerland,  Austria,  Southern  Germany,  Eastern 
France,  and  in  Belgiuni. 

In  thè  revision  of  thè  European  Rhodobryum  material  we  used  all  charac- 
ters  enumerated  in  thè  paper  of  Iwatsuki  and  Koponen  (1972:  4 — 12).  We 
found  it  invariahly  easy  to  distinguish  thè  two  species  by  thè  combination 
of  thè  characters.  In  a  very  few  cases,  one  or  antoher  character  was  not  typical, 
but  even  in  these  cases  thè  other  characters  gave  a  correct  identification. 
(See  thè  Figures  1 — 4). 

The  characters  of  R.  ontariense  are:  thè  number  of  cornai  leaves  much 
more  than  20,  their  shape  obovate,  cuneiform,  with  strongly  revolute  margins, 
their  costa  percurrent  to  excurrent  (especially  those  of  thè  perichaetial  leaves), 
and  thè  costa  at  lower  portion  contains  a  large  stereid  band  just  below  thè 
dorsal  epiderm  not  separated  from  it  by  another  celi  layer.  The  leaf  apex, 
when  moist,  is  usually  widely  acute,  with  an  angle  of  90 — 120°.  The  leaves, 
when  dry,  are  shrunken  and  often  twisted  and  thus  turn  upward. 

On  thè  other  hand,  R.  roseum  has  usually  less  than  20  cornai  leaves, 
they  are  spathulate  and  more  narrowed  at  their  base,  with  weakly  revoluted 
margin,  their  costa  not  reaching  thè  apex,  except  in  thè  perichaetial  leaves. 
The  costa  at  lower  portion  contains  a  srnall,  more  centrally  situated  stereid  band 
separated  from  thè  dorsal  epidermis  by  at  least  one  layer  of  cells.  The  leaf 
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Fig.  3.  Transversai  sections  of  Rhodobryum  roseum  (A  — D)  and  of  Rhodobryum  ontariense 
(E— I)  leaves  and  costae.  A  and  D:  NE-Hungarian  Highlands,  Sàtor  Mts.  118862.  B:  Slovakia, 
Velka  Fatra,  118785.  C:  Western  Hungary,  Kàm,  118802.  E  and  H:  NE-Hungarian  Highlands, 
Biikk-Mts.  118845.  F:  NE-Hungarian  Highlands,  Tornai-Karszt,  118863.  G:  Foothills  of  Biikk- 
Mts.  near  Miskolc  —  Diósgyor,  8707.  I:  Tornai-Karszt,  Rakaca,  118855 


apex,  when  moist,  is  acute,  with  an  angle  of  65 — 100°.  The  leaves,  when  dry, 
are  less  shrunken,  more  spread. 

As  far  as  thè  distribution  of  thè  two  species  in  Central  Europe  is  concern- 
ed,  Rhodobryum  roseum ,  common  in  thè  northern  coniferous  and  mixed  forests, 
appears,  when  going  southwards,  to  he  more  and  more  rare,  restricted  to  relict 
hygrophilous  habitats  in  thè  warm  temperate,  deciduous  broad-leaved  forest 
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Fig.  4.  Transversai  sections  of  Rhodobryum  roseum  (A  —  B)  and  Rhodobryum  onlariense  (C  —  F) 
leaf  borders.  A:  NE-Hungarian  Highlands,  Sàtor  Mts.  118862.  B:  Slovakia,  Velka  Fatra,  118785. 
C:  NE-Hungarian  Highlands,  Tornai-Karszt,  Rakaca,  118855.  D:  Foothills  of  Biikk-Mts. 
7807.  E:  NE-Hungarian  Highlands,  Biikk-Mts.  118845.  F:  Biikk-Mts.  118854 


zone.  On  thè  other  hand,  Rhodobryum  ontariense  seems  widespread  in  thè  sanie 
zone,  occuring  especially  on  shady  or  half-shady  limestone  or  on  other  basic 
rocks  in  broad-leaved  forests. 

In  thè  Alps  and  in  thè  Carpathians  thè  same  zonation  can  be  observed 
according  to  altitudes,  coinciding  well  with  thè  same  observation  made  by 
Iwatsuki  and  Koponen  in  Japan.  R.  ontariense ,  together  with  thè  former 
data  is  known  already  from  12  European  countries  and  should  be  expected 
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Fig.  5.  Distribution  of  Rhodobryum  roseum  (Hedw.)  Limpr.  in  thè  Carpathian  Basin  (localities. 
in  thè  Alps  and  in  thè  Balcan  are  not  indicated) 

from  more  (see  Figure  7).  For  example,  Petrov  in  Iris  Bulgarian  moss  flora 
illustrates  a  Rhodobryum ,  which  is  most  probably  R.  ontariense  (1975:  301,  Fig.  1). 
It  should  be  common  in  other  places  of  Yugoslavia  too,  and  should  be  found 
in  thè  limestone  mountains  of  Southern  Poland,  although  in  Kuc’s  work 
(1964  :  130)  is  no  reference  to  its  occurrence  on  limestone  in  thè  Cracowian 
Jura  Mts.  It  is  to  be  expected  also  from  thè  Swiss  Jura,  as  in  thè  neighbouring 
mountains,  where  it  is  known. 

In  thè  followings,  we  give  thè  distribution  of  both  Rhodobryum  species 
in  thè  Carpathian  Basin  and  thè  distribution  of  R.  ontariense  in  Central  Europe, 
based  on  our  revision  of  thè  material  of  BP,  JE  and  EGR  (see  thè  maps  of  thè 
figs.  5 — 7).  In  most  cases,  when  not  otherwise  stated,  thè  specimens  are  deposit- 
ed  in  thè  Herbarium  of  thè  Hungarian  Naturai  History  Museum  (BP),  and  thè 
number  given  is  thè  inventary  number  of  thè  specimens.  We  would  like  to 
express  our  gratitude  to  Mr.  L.  Vajda,  curator  of  thè  Bryophytes  in  thè  Hungar¬ 
ian  Naturai  History  Museum,  for  thè  loan  of  thè  rich  Rhodobryum  material, 
and  towards  Dr.  K.  Meyer,  curator  of  thè  Haussknecht  Herbarium,  who 
gave  us  opportunity  to  study  their  Rhodobryum  materials  in  Jena.  The 
enumeration  follows  thè  regional  numbers  of  Orban — Debreczy:  Moos- 
arealgeographische  Studien  aus  dem  Gebiet  der  Karpathen  und  Karpathen- 
becken  (1973). 

In  a  summary  of  thè  distribution  and  ecology  of  thè  Rhodobryum  species 
in  thè  Carpathian  Basin,  it  can  be  stated,  that  thè  true  Rhodobryum  roseum 
is  acidiphilous-neutrophilous,  living  in  spruce  and  elder  forests,  near  springs. 
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Fig.  6.  Distribution  of  Rhodobryum  ontariense  (Kindb.)  Kindb.  in  thè  Carpathian  Basin 
(localities  in  thè  Alps  and  in  thè  Balcan  are  not  indicated) 


Fig.  7.  The  European  distribution  of  Rhodobryum  ontariense  (Kindb.)  Kindb.  1:  Localities 
published  by  Iwatsuki  and  Koponen  (1972).  2:  new  localities.  3:  boundary  of  thè  broad-leaved, 
deciduous  forest  zones,  including  forest  steppes.  The  data  obtained  from  Haussknecht 

Herbarium  (JE)  are  not  included. 
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in  bogs  and  in  Nardus  swards.  Its  lowermost  occurrence  in  thè  elder  fringes 
of  Nagykanizsa  and  Uzsa  and  in  thè  Gòdòllo  Hills  and  on  thè  acidic  sand 
dunes  of  thè  Nyirség  in  thè  NE  part  of  thè  Hungarian  Lowlands  are  parallel 
with  thè  occurrence  of  several  boreal  elements  of  a  relic  character  in  thè 
Hungarian  flora  (e.g.  Dryopteris  cristata,  Cicuta  virosa,  Cornarum  palustre,  etc.). 

On  thè  other  hand,  Rhodobryum  ontariense  is  more  thermo-  and  basiphi- 
lous.  It  is  widespread  and  common  in  thè  Hungarian  Highlands  and  also  occurs 
at  lower  altitudes  in  thè  Carpathians  in  Slovakia,  USSR  and  in  Romania, 
mostly  on  limestone,  sometimes  on  basaltic,  andesitic  or  on  dolomitic  rocks 
in  mesophilous  broad-leaved  forests,  as  Orno-Quercetum,  Corno-Quercetum ,  Fugo - 
Ornetum,  Mercuriali-Tilietum ,  Tilio- Fraxinetum,  Seslerio- Fagetum,  Phyllitidi- 
Aceretum,  and  sometimes  on  free,  yet  shaded  rock  faces.  In  thè  lowland  areas, 
it  occurs  on  calcareous  sand  in  thè  sand-steppe  forests  (Junipero- Populetum, 
Convallario-Quercetum) .  In  other  parts  of  Central  Europe,  as  in  Bohemia,  Aus¬ 
tria,  Southern  Germany,  France  and  in  Belgium,  R.  ontariense  is  restricted 
to  shaded  limestone  rocks  in  broad-leaved  forests. 


Rhodobryum  roseum  (Hedw.)  Liinpr. 


Hungary 

XXXI.  Északi-Kòzéphegység  :  Gòdòllói-Dombvidék  :  Màriabesnyò,  200  m,  1925,  coll.  Boros, 
118835;  Isaszeg,  1910,  coll.  Szuràk,  7786;  Babat  prope  Gòdòllo,  1952,  coll.  Siroki, 
118843;  Lit. :  Szepesfalvi  1942  :  1. 

Biikkalja :  Szarvaskò,  250  in,  1950,  coll.  Boros,  118844. 

Sàtor  Mts.:  Kemence-patak  prope  Kishuta,  200  m,  1953,  coll.  Boros,  118862;  Lit.: 
Boros— Yajda  1955  :  158. 

XXXIII.  Biikk  Mts.:  Nagymezò  prope  Szilvàsvàrad  et  Répàshuta,  200  m,  7  —  770  m,  1951, 
coll.  Boros,  118840,  118842,  Yajda  EGR. 

XXXIY.  Dunàntuli-Kózéphegység :  Bakony  Mts.:  Sédpatak  prope  Pàpasalamon,  1955,  coll. 
Csapody,  39094;  vali,  rivi  Lepence  prope  Uzsa,  200  m,  1953,  coll.  Boros,  118820; 
prope  Uzsapuszta,  200  m,  1949,  coll.  Boros,  118817.  Vajda  EGR. 

Balatonfelvidék :  inter  Aszófò  et  Balatonszòllòs,  1956,  coll.  Felfòldy,  118815. 
Keszthely  Mts.:  mt.  Banyafò  prope  Rezi,  250  in,  1952,  coll.  Boros,  118814. 

XXXY.  Nagy-Alfòld :  Nyirség:  Gutpuszta  prope  Nyirmàrtonfalva,  150  in,  1924,  coll.  Boros, 
118791;  in  silva  Bagoméri-erdo  prope  Bagamér,  130  in,  1927,  coll.  Boros;  lit.:  Boros 
1924  :  80. 

XXXVI.  Alpokalja  :  Òrség —  Vasi-hegyhdt  :  prope  Zsida,  250  m,  1930,  coll.  Boros,  118801; 
sub  pag.  Szòce,  210  m,  1954,  coll.  Pócs  et  Gelencsér  58513,  EGR;  prope  Szakonyfalu 
1959,  coll.  Vajda,  63290:  prope  Kàm,  1958,  coll.  Vajda,  118802;  Lit.:  Latzel  1941: 
239. 

XXXVII.  Zalai-Dombsàg  :  inter  Nagykanizsa  et  Sorinàs,  150  in,  1953,  coll.  Kàrolyi,  118804, 
EGR. 


Czechoslovakia 

I.  Kiskàrpàtok  —  Malé  Karpaty:  Pozsony  (Bratislava),  coll.  Bàumler,  7825,  7827.  Lit.: 
Bàumler  1884:  96. 

IV.  Taira  Mts.  —  Tatry:  Belanské  Tatry^  coll.  Hazslinszky,  7820;  Vysoké  Tatry:  Tatranska 
Loinnicà,  800  —  1000  m,  1963,  coll.  Boros,  118787. 

VII.  Fatra  Mts.  —  Fatry:  Velkà  Fatra:  mt.  Kutnikov  kopec  prope  Lubochna,  6  —  700  m,  1965, 
coll.  Boros,  118785; 

Mala  Faira:  Belsky  potok,  800  m,  1934,  coll.  Pilous,  118784.  Pilous:  Bryotheca 
Cechoslovenica  No.  9;  Lit.:  Smarda-Vanek  1955  :  26. 

IX.  Slovakia  Centr.:  Dobsinà,  880  m,  1953,  Smarda,  118783;  Crypt.  Cechosl.  Exs.  No.  347. 
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Romania 

XVII.  Harghita  Mts.  :  Budòsfurdo  prope  Csikszentimre,  1200  m,  1970,  coll.  Boros,  118781, 
EGR.,  Vajda,  EGR. 

XVIII.  Hàromszéki-medence :  Rétyi-Nyir  prope  Réty,  1941,  coll.  Boros,  118779. 


Rhodobryum  ontariense  (Kindb.)  Kindb. 


Hungary 

XXXI.  Északi-Kozéphegység  :  Bórzsóny  Mts.:  Zebegény,  1951,  coll.  Vajda,  7817;  Lit.: 
Boros— Vajda  1952  :  62;  mt.  Naszàly  prope  Vàc,  1970,  coll.  Vajda  75631;  Biikkalja: 
Diósgyor,  coll.  Hazslinszky,  7807;  Lit.:  Hazslinszky  1885  :  183.  Szarvasko,  1950, 
coll.  Vajda,  EGR. 

Sàtor  Mts.:  Nagypatak  prope  Gònc,  1952,  Vajda,  7813;  EGR.  mt.  Magoska  prope 
Mogyoróska,  1951,  coll.  Vajda,  7816,  EGR.  Lit.:  Vajda  1969  :  183. 

XXXII.  Tornai- Karszt  :  prope  Jósvafo,  250  m,  1952,  coll.  Boros,  118865;  mt.  Mezna  prope 
Jósvafo,  300  m,  1952,  coll.  Boros,  118867;  rivi  Kecso  prope  Jósvafo,  300  m,  1936, 
coll.  Boros,  118863;  mt.  Nagyoldal  prope  Jósvafo,  500  m,  1948,  coll.  Boros,  118861; 
mt.  Kiràlyhegy  prope  Rakaca,  2  —  250  m,  1957,  coll.  Boros,  118855. 

XXXIII.  Biikk  Mts.:  Szàrazvólgy  prope  Óinassa,  500  m,  1950,  coll.  Boros  1952,  118847; 
Felsosebes-vólgy  prope  Omassa,  550  —  650  m,  coll.  Boros,  118854;  Leàny-vòlgy  prope 
Nagyvisnyó,  6  —  700  m,  1950,  coll.  Boros,  118852;  mt.  Vòróskó  prope  Ómassa,  1951, 
coll.  Vajda,  7804;  mt.  Borovnyik  prope  Répàshuta,  600  m,  1957,  coll.  Boros,  118857; 
mt.  Borostyànko  ad  Pazsag  prope  Répàshuta,  530  m,  1957.  Boros,  118859;  mt.  Ordóg- 
oldal  prope  Màlyinka,  850  m,  coll.  Boros,  118845;  Nagymezo  prope  Répàshuta,  770  m, 
1951,  coll.  Boros,  118842;  Kismezó  prope  Jàvorkut,  740  m,  1952,  coll.  Boros,  118846; 
coll.  Vajda  7808;  Nagymezo  prope  Jàvorkut,  770  in,  1952,  coll.  Boros,  118849;  mt. 
Odorvàr  supra  Cserépfalu,  300  m,  16,  Oct.  1976,  Pócs,  EGR. 

XXXIV.  Dunantùli-Kózéphegység:  Pilis-Budai  Mts.:  Mt.  Kàlvària  prope  Pesthidegkut,  1943, 
coll.  Vajda,  EGR;  mt.  Zamàr  prope  Esztergom,  200  m,  1952,  coll.  Boros,  Vajda, 
118836,  EGR;  mt.  Csucs  prope  Csobànka,  300  m,  1946,  coll.  Boros,  118837,  1943,  coll. 
Vajda,  EGR;  mt.  Kecskehegy  prope  Budakeszi,  200  m,  1941,  coll.  Zólyomi,  118838; 
mt.  Csillebérc  prope  Budaòrs,  250  m,  1944,  coll.  Vajda,  EGR;  Biikkòspatak  prope 
Szentendre,  1908,  coll.  Szuràk,  7789;  Lit.:  Szepesfalvi  1942  :  1;  mt.  Kiskevély  prope 
Csobànka,  1968,  coll.  Vajda,  73825;  mt.  Sashegy  prope  Budapest,  1936,  coll.  Vajda, 
EGR. 

Gerecse  Mts.:  mt.  Gorba-hegy  prope  Tardos,  300  m,  1941,  coll.  Boros,  118846  mt. 
Csucsos-hegy  prope  Bànhida,  3  —  350  m.  1938,  coll.  Boros,  118847;  mt.  Sàrosi-kó  prope 
Bajna,  320  m,  1948,  coll.  Boros,  118849,  Vajda,  EGR:  mt.  Pesko  prope  Tarjàn,  400  m, 

1948,  coll.  Boros,  118850,  Vajda,  EGR;  mt.  Oregnyulas  prope  Bajna,  2  —  250  m, 

1949,  coll.  Boros,  118851;  mt.  Nagysomló  prope  Dunaszentmiklós,  350  —  420  m,  1937, 
coll.  Boros,  118833;  mt.  Óregko  prope  Bajót,  3  —  375  m,  1936,  coll.  Boros,  118834. 
Vértes  Mts.:  mt.  Reàl  prope  Pusztakàpolna,  3  —  400  m,  1936,  coll.  Boros,  118840; 
mt.  Lóàllàs  prope  Csàkvàr,  2  —  300  m,  1937,  coll.  Boros,  118837;  Kolikvòlgy  supra 
Csàkvàr,  300  m,  1947,  coll.  Boros,  118844;  Balogvòlgy  supra  Csàkvàr,  250  in,  1947, 
coll.  Boros,  118839;  mt.  Vàrhegy  prope  Csókako,  350  —  400  m,  1948,  coll.  Boros, 
1 18842,  Vajda,  EGR;  Kóves-vólgy  prope  Csàkberény,  400  m,  1937,  coll.  Boros,  118843; 
Pap-irtàs  prope  Csàkberény,  400  in,  1936,  coll.  Boros,  118843;  Csàkberény  1936, 
coll.  Vajda,  EGR;  Galya-szurdok,  200  m,  1965,  coll.  Boros,  118828,  coll.  Vajda,  71003. 
Velencei  Mts.:  vali.  Hurka  prope  Sukoró,  200  m,  1938,  coll.  Boros,  118826. 

Bakony  Mts.:  mt.  Baglyashegy  prope  Inota,  2  —  300  m,  1954,  coll.  Boros,  118829; 
vali.  Gerence  prope  Bakonybél,  350  m,  1954,  coll.  Boros,  118830;  mt.  Kisbiikktetò 
prope  Màrkó,  400  m,  1967,  coll.  Boros,  118835;  mt.  Korishegy  prope  Bakonybél, 
350  —  400  m,  1937,  coll.  Boros,  118832;  mt.  Baglyashegy  prope  Csór,  1954,  coll.  Vajda, 
26909;  mt.  Mecsek  prope  Szentgàl,  400  m,  1940,  coll.  Boros,  118833;  vali.  Órdògàrok 
prope  Bakonyoszlop,  3  —  400  m,  1938,  coll.  Boros,  118834;  mt.  Kertesko  prope  Bakony¬ 
bél,  350  m,  1937,  coll.  Boros,  118831;  Hàrsasvòlgy  prope  Tapolca,  1959,  coll.  Vajda, 
62552;  Tapolcafo,  1953,  coll.  Tallos,  118836;  mt.  Baloghegy  prope  Bànd,  1965,  coll. 
Vajda,  71004. 

Balatonfelvidék :  mt.  Szarkàdi-tetò  prope  Tihany,  170  m,  1957,  coll.  Boros,  118823; 
mt.  Tamàshegy  prope  Balatonfiired,  2  —  300  m,  1926,  coll.  Boros,  118824;  mt.  Alsó, 
Szarkàd  prope  Tihany,  1956,  coll.  Felfòldy,  118809;  vali.  Malomvòlgy  prope  Felsoòrs 
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200  m,  1957,  coll.  Boros,  118822;  mt.  Cserhegy  prope  Tihany,  1957,  coll.  Felfòldy, 
118825;  Aszófoi-volgy  prope  Aszófo,  1949,  Felfòldy,  118811,  1955,  coll.  Vajda, 
42488;  mt.  Óvàr  prope  Tihany,  1951,  coll.  Zsolt,  118813;  prope  Akali,  1953,  coll. 
Vajda,  26274. 

Tapolcai  szigethegyek  :  Szentgyòrgyhegy  ad  Tapolca,  1927,  coll.  Szuràk,  7801;  Lit.: 
Latzel  1933  :  169;  mt.  Csobànc  prope  Gyulakeszi,  300  m,  1954,  coll.  Boros,  118819; 
mt.  Csobànc  prope  Diszel,  3  —  370  m,  1959,  coll.  Boros,  118823;  Lit.:  Boros — Vajda 
1955  :  158;  mt.  Alsótàtika  prope  Zalaszàntó,  300  m,  1955,  coll.  Boros,  118806;  mt. 
Tàtika  prope  Zalaszàntó,  250  —  300  m,  1956,  coll.  Boros,  118807,  Vajda,  56907. 
Keszthelyi  Mts.:  prope  Gyenesidàs,  200  m,  1950,  coll.  Boros,  118816;  mt.  Csókako  prope 
Cserszegtomaj,  250  m,  1963,  coll.  Boros,  118808. 

XXXV.  Nagy-Alfòld :  Dunavidék :  ins.  Csepel  prope  Soroksàr,  100  in,  1919,  coll.  Boros, 
118792;  Lit.:  Boros  1924  :  80. 

Duna  —  Tisza-kòze :  Àsotthalom,  1955,  coll.  Bodrogkòzy,  118788,  118790;  Csévharaszt, 
1976,  coll.  Simon,  in  Herb.  Simon. 

Nyirség:  Bàtorliget  prope  Nyirbàtor,  150  m,  1922,  coll.  Boros,  118793;  Lit.:  Boros 
1924  :  80;  Nagyerdo  prope  Nyìrbakta,  1933,  coll.  Màthé,  118794;  prope  Biidszent- 
mihàly,  1939,  Igmàndy,  118795;  Lit.:  Boros  1932  :  36,  Soó  1942  :  50. 

XXXVI.  Alpokalja:  Soproni  Mts.:  Szàrhalmi-erdo  prope  Sopron,  1953,  coll.  Vajda,  25492; 
Vancsura  118797,  EGR. 

Koszegi  Mts.:  Koszeg,  440  m,  1932,  coll.  Visnya,  118797. 

XXXVII.  Zalai-Dombsàg :  Csàcsbozsok,  1948,  coll.  Visnya,  118799. 

XXXVIII.  Villànyi  Mts.:  mt.  Harsànyi-hegy  prope  Nagyharsàny,  2  —  400  m,  1925,  coll. 
Boros,  1 18803;  Lit.:  Latzel  1934  :  179. 

Czechoslovakia 

Karlstein,  auf  Felsblòcken  am  Waldwege  nach  Set.  Ivan,  400  m,  1898,  coll.  Bauer, 
82612,  118769;  Bauer:  Bryotheca  Bohemica  No.  38. 

VI.  Inovec-Tribec  Mts.:  Skalice,  1861.  coll.  Holuby,  82613,  7829. 

X.  Slovenské  Rudohorie :  Bakabànya  (Pukanec),  1897,  coll.  Kupcok.  7831. 

XII.  Slanské  pohorie:  Eperjes  (Presov),  coll.  Hazslinszky;  Lit.:  Hazslinszky  1855  :  771, 

1857  :  7. 

XXXIL  Juhoslovenské  Kras:  vali.  Vinkely  prope  Barka  (Borka),  700  m,  1941,  coll.  Boros, 
118853. 

Soviet  Union 

XIII.  Szinyàk  Mts.:  Csernekhegy  ad  Munkàcs  (Mukacevo),  150  m,  1926,  coll.  Margittai, 
7824. 

Romania 

XVI.  Tibles  Mts.:  fluvii  Làpos  infra  Erdoszàllàs  (Selni^a),  300  m,  1943,  coll.  Boros,  118777; 
Lit.:  Boros  1943  :  144. 

XVIII.  Permani  Mts.:  rivi  Vargyas  prope  Ilomoródalinàs  (Homorod-Almas),  6  —  700  m,  1942, 
coll.  Boros,  118778;  Lit.:  Boros  1942  :  145. 

XXIII.  Sureani  Mts.:  Crivadia,  1972.  coll.  Orbàn,  90113. 

XXIX.  Metaliferi  Mts.:  Deva,  1895,  Péterfi,  7834;  Lit.:  Péterfi  1896:  11. 

XXX.  Erdélyi  Medencék:  Torda  (Turda),  1916,  coll.  Péterfi,  118780;  Hosszuaszó  (Langenthal, 
Hususau),  1867,  coll.  Barth,  42279;  Barth:  Bryoth.  transs.  No.  20. 

Yugoslavia 

XXXV.  Debbiato ,  1901,  coll.  Bernàtsky,  63699;  Lit.:  Pavletic  1955  :  318.  Croatia  (Modrus- 
Fiume),  in  silvis  vallis  Vinodol  ad  lac.  Velo  Polje  supra  portum  Novi,  solo  cale.,  50  m, 
1926,  coll.  Kummerle,  7838. 


Italy 

Varese,  Arcisati,  400  m,  coll.  Corti,  82615,  Varenna  (Lago  di  Como),  coll.  L.  Scanna- 
gotta  3.  III.  47,  JE;  Prov.  Pavia,  Torre  d’Isla,  coll.  F.  A.  Artaria  1932,  JE. 

Switzerland 

Vernayaz,  coll.  Bertram,  1873,  JE. 
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Austria 


Leoben,  Gòssgraben,  1870,  coll.  Breidler,  118756,  Niederòsterreich:  Schlucht  bei  .  .  . 
Gòttweig,  250  m,  kalkhaltige  Boden,  coll.  Baumgartner  20.  X.  1892,  JE. 

Germany 

Allgàu ,  Hinterstein,  auf  einein  Stein  .  .  .,  840  m,  1889,  ex  Hb.  Limpricht,  42297, 
42298,  42281;  Memmingen:  Sclilossberg  in  Grònenbach,  705  m,  1880,  coll.  Holler, 
ex  Hb.  Limpricht,  42283;  Ebingen  a.  D.,  1916,  coll.  Eggler,  11875; 

Braunschweig ,  Miinzberg,  coll.  Bertram,  118743;  Baden-Baden:  Hohentwiel  bei  Singen, 
1898,  coll.  Herzog,  ex.  Hb.  Limpricht  as  fo.  rupicola ,  42292;  Oberbaden ,  beim  Salem, 
coll.  Lack  (?),  ex  Hb.  Limpricht,  42290;  Eifel,  Ripsdorf,  in  Nischen  schattiger  Kalk- 
felsen  am  Lampertsbach,  460  m,  coll.  Andres,  P.  Wirtgen:  Herbar  plant.  crit.  select. 
hybrid.  Florae  Rhenanae  No.  226,  42286;  Schlossgarten  an  Rheinsberg,  coll,  von 
Loewenstein,  Aug.  1855,  JE;  Eibenschlucht  bei  Eddigehausen,  coll.  Quelle,  7.  2. 
1903,  JE;  An  Kalkfelsen  des  Isteinerklotzes,  ca  300  in,  coll.  Th.  Herzog,  Dez.  1898. 
JE;  Oberbayern:  Kalkfelsblòcken  am  Ufer  des  Konigsees,  ca  610  m,  coll.  Th.  Herzog, 
30.  Aug.  1919,  JE;  and  other  localities. 


France 

Alsace ,  s.l.sp.  coni.  Ph.  Schimper,  ex  Hb.  Limpricht,  42272;  Fontaine  près  Grenoble 
(Isère),  rochers  calcaires  dans  les  bois,  coll.  Pellet,  Societé  Dauphinoise  No.  2695, 
7850. 

Belgium 

Namur,  près  de  Han  sur  Lesse,  rochers  calcaires  ombragés,  1886,  coll.  Vandenbroeck 
et  Dens,  7848. 


REFERENCES 

Bàumler,  J.:  (1884):  Die  Moosflora  von  Pressburg  in  Ungarn.  Osterreichische  botanische 
Zeitschrift  34,  96  —  99. 

Boros,  A.  (1924):  Beitràge  zur  Moosflora  Ungarns.  Magyar  Botanikai  Lapok  23,  77  —  80. 

Boros,  À.  (1932):  A  Nyfrség  flóràja  és  nòvényfòldrajza.  Debreceni  Honism.  Biz.  kiadv.  7, 
1-208. 

Boros,  À.  (1942):  Adatok  a  Székelyfòld  flóràjànak  ismeretéhez.  Scripta  Bot.  Mus.  Transs. 
1,  144-147. 

Boros,  À.  (1943):  A  Làpos  és  Kapnik  szurdokànak  flóràja.  Scripta  Bot.  Mus.  Transs.  2, 
141-149. 

Boros,  A. — Vajda,  L.  (1952):  Ergànzungen  zur  Moosflora  der  Ungebung  von  Budapest  und 
des  Buda-Pilis-Gebirges.  Ann.  Mus.  Nat.  Hung.  3,  47  —  77 

Boros,  A. — Vajda,  L.  (1955):  Fiir  die  Flora  Ungarns  neue  und  interessante  Moose,  Ann.  Mus. 
Nat.  Hung.  4,  155-165. 

Boros,  A. — Vajda,  L.  (1969):  Bryoflora  Carpathorum  septentiionali-orientaliorum.  Revue 
Bryol.  et  Lichenol.  36,  397—450. 

Hàmet-Ahti,  L.  —  Ahti,  T.  —  Koponen,  T.  (1974):  A  scheine  of  vegetation  zones  for  Japan 
and  adjacent  regions.  —  Ann.  Bot.  Fennici  11,  59  —  88. 

Hazslinszky,  F.  (1855):  Beitràge  zur  Kenntnis  der  Karpathen-Flora.  VII.  Laubmoose.  Ver- 
handlungen  der  zool.-bot.  Ges.  in  Wien  5,  765  —  776. 

Hazslinszky,  F.  (1857):  Die  Laubmoose  der  Eperjeser  Flora,  Verhandlungen  des  Vereins 
fiir  Naturkunde  zu  Pressburg.  2,  1  —  10. 

Hazslinszky,  F.  (1885):  A  magyar  birodalom  moh-flóràja.  Budapest,  280  pp. 

Iwatsuki,  Z.  —  Koponen,  T.  (1972):  On  thè  taxonomy  and  distribution  of  Rhodobryum  roseum 
and  its  related  species  (Bryophyta).  Acta  Bot.  Fennica  96,  3  —  22. 

Kuc,  M.  (1964):  Briogeografia  Wyzyn  Poludniowych  Polski.  Monogr.  Bot.  17,  pp.  212. 

Latzel,  A.  (1934):  Beitrag  zur  Kenntnis  der  Moose  der  Komitats  Baranya.  Magyar  Botanikai 
Lapok  33,  160-191. 

Latzel,  A.  (1941):  Beitrag  zur  Kenntnis  der  Moose  des  Ostalpenrandgebiets,  Beihefte  zum 
Bot.  Centralblatt  61,  211  —  260. 

Orbàn,  S.  — Debreczy,  Zs.  (1973):  Moos-arealgeographische  Studien  aus  dein  Gebiet  der 
Karpaten  und  Karpatenbecken.  Studia  Bot.  Hung.  8,  65  —  98. 


12* 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


448 


orbAn,  s.-pócs,  t. 


Pavletic,  Z.  (1955):  Prodromus  Flore  Briofita  Jugoslavie.  Jugoslavenska  Akad.  Znanosti  i 
Umjet.,  Zagreb  1955,  575  pp. 

PÉterfi,  M.  (1896):  Déva  lombosmohài.  Kolozsvàri  Orv.  Term.  Tud.  Tàrs.  Értesftoje  21, 
129-144. 

Petrov,  S.  (1975):  Bryophyta  Bulgarica  clavis  diagnostica.  Izd.  Akad.  Nauk.  Bulg.  Sofia, 
536  pp. 

Smarda,  J.— Yanek,  R.  (1955):  Treti  dopelnek  k  mechum  Slovenska.  Prace  II.  sekcie  Slovensk. 
Akad.  Vied.  1,  9.  Bratislava. 

Soó,  R.  (1942):  Pótlékok  a  nyirségi  és  tiszàntuli  flórakutatàsunk  eredményeihez.  III.  Bot. 
Kòzlemények  39,  45  —  56. 

Szepesfalvi,  J.  (1942):  Die  Moosflora  der  Umgebung  von  Budapest  und  des  Pilisgebirges. 
Ann.  Mus.  Nat.  Hung.  35,  1 — 72. 

Vajda,  L.  (1969):  A  Sàtorhegység  mokaflóràja.  Fragmenta  Bot.  Hung.  7,  93  — 120. 


Acta  Botanica  Academiae  Scientiarum  Hungaricae  22,  1976 


Acta  Botanica  Academiae  Scientiarum  Hungaricae ,  Tomus  22  (3 — 4 ),  pp.  449  —  461  (1976) 

OBSERVATION  OF  ONE  POLLEN  GRAIN 
BY  SEM,  TEM,  AND  LIGHT  MICROSCOPY 

By 

J.  R.  RoWLEY  and  M.  JaRAI-KoMLODI 

INSTITUTE  OF  BOTANY,  UNIVERSITY  OF  STOCKHOLM,  STOCKHOLM,  SWEDEN 
AND  DEPARTMENT  OF  PLANT  TAXONOMY  AND  ECOLOGY,  EÓTVÓS  LORAND  UNIVERSITY, 

BUDAPEST,  HUNGARY 

(Received  August  10,  1976) 

Plastic  embedded  cells  and  tissues  prepared  for  transmission  electron  microscopy 
(TEM)  are  coinmonly  and  favorably  used  for  light  microscopy  (LM)  but  seldom  “directly” 
for  scanning  electron  microscopy  (SEM),  although  thè  advantage  of  having  comparatile 
specimens  for  light  and  transmission  electron  microscopy  is  evident.  Fractured  chips 
or  sections  of  plastic  embedded  cells,  which  may  be  thè  same  as  those  used  for  LM  and 
serial  with  thin  sections  for  TEM,  are  favorable  for  SEM  following  removai  of  thè  embed- 
ding  plastic.  The  method  used  was  developed  by  Mayor,  Hampton  and  Rosario 
(J.  Celi.  Biol.  9  :  909  —  910,  1961)  to  expose  embedded  tissues  to  aqueous  metachrornatic 
dyes  by  removai  of  epoxy-resin  formulations  incorporating  dodecenyl  succinic  anhydride 
as  a  hardener.  Our  emphasis  was  upon  rehydration  of  thè  protoplast  in  pollen  from  her- 
barium  specimens,  to  expand  germinai  apertures,  and  to  optimally  retain  soluble  com- 
ponents  such  as  tryphine  and  thè  polysaccharide  and  protein  exine  surface  coating.  A  de- 
monstration  of  thè  exine  surface  coating  in  SEM  micrographs  was  a  prime  objective 
since  thè  specific  composition  of  celi  surface  coatings  in  other  celi  systems  forecast, 
its  unprecedented  potential  for  taxonomy  and  studies  of  genetical  and  ecological  con¬ 
trol  over  pollen  grain  forni,  and  SEM  (especially  X-ray  microanalysis)  is  likely  to  be 
important  for  characterization  of  surface  coatings  following  appropriate  labeling  or 
enzymatic  digestion.  While  thè  methods  we  use  for  LM,  TEM,  and  SEM  observation 
of  portions  of  thè  same  pollen  grain  can  be  used  following  any  surface  cleaning  or  extrac- 
tion  procedures,  preservation  of  thè  exine  surface  coating  offers  a  special  advantage  in 
facilitating  SEM  observations  of  pollen  grains  and  spores  without  recourse  to  evapor- 
ated  or  sputtered  metals.  This  occurs  because  of  thè  far  greater  binding  capacity  of 
coat  components  for  metals  than  thè  exine  itself. 


Introduction 

Pollen  of  Linaceae  can  be  traced  from  thè  upper  Senonian  (Germeraad 
et.  al.,  1968;  Muller,  1970)  and  has  a  long  history  of  cultivation.  One  of  us 
(M.  J.-K.)  has  selected  thè  genus  Linum  for  intensive  study  both  with  regard  to 
pollen  from  sediments  and  thè  200  or  so  extant  species.  Species  that  presently 
grow  in  Hungary  will  be  examined  from  various  soil  and  other  ecologically 
divergent  localities  to  determine  whether  ecological  conditions  alter  pollen 
form  in  ways  which  can  be  detected  by  light  microscopy  (LM),  scanning  electron 
microscopy  (SEM),  and  transmission  electron  microscopy  (TEM).  In  order 
that  observations  with  these  instruments  be  comparable  it  is  judged  necessary 
not  only  for  methods  of  preparation  to  be  identical  but,  also,  in  so  far  as  possi- 
ble,  that  thè  same  pollen  grains  be  used  for  LM,  SEM,  and  TEM  observations 
of  criticai  features. 
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There  are  several  methods  which  allow,  with  various  levels  of  facility,  for  multiple 
modes  of  observation  on  portions  of  thè  same  cells  of  a  tissue  sample  (e.g.,  Wickham  and 
Worthern,  1973;  Bauman  and  Mendell  1974;  Humphreys,  Wodziki,  and  Paulin  1973). 
They  involve  cutting  thin  sections  from  sections  previously  used  for  LM  by  reattaching  thè 
thick  section  to  a  plastic  block,  fracturing  plastic  embedded  specimens  for  SEM  before  or 
after  cutting  sections  of  thè  material  for  LM  and  TEM,  or  embedding  SEM  examined  specimens 
in  plastic  for  TEM  use.  Humphreys  et  al.  (1973)  have  used  their  fractographic  method  to 
study  xylem  differentiation  in  Pinus  (Wodzicki  and  Humphreys,  1973;  Wodzicki  and 
Brown,  1973),  notably  with  regard  to  thè  interior  organization  of  protoplasts.  With  pollen 
grains  embedded  in  plastic  we  find  that  while  fracturing  frequently  bisects  thè  grains,  thè 
surface  of  thè  exine  including  apertures  may  also  be  exposed.  While  it  is  difficult  to  obtain 
sections  for  LM  and  TEM  from  thè  same  pollen  grains  that  are  also  fractured  for  SEM,  prep- 
aration  of  SEM  specimens  by  thè  fractographic  method  is  dependable,  exceptionally  easy, 
and  entirely  free  of  solvents. 

The  method  we  have  used  involves  removai  of  thè  embedding  plastic  from  sections 
previously  examined  by  LM  or  from  thick  sections  or  a  fractured  chip  serial  with  previously 
cut  sections  for  LM  and  TEM. 


Methods 

Materials  and  methods  unrelated  to  removai  of  thè  embedding  plastic  are  considered 
in  thè  results  and  discussion  section  or  included  in  thè  illustration  descriptions. 

Epoxy  resin  formulations  using  dodecenyl  succinic  anhydride  as  a  hardener  can  be 
dissolved  in  a  mixture  of  sodium,  benzene  and  methyl  alcohol  (Mayor,  Hampton,  and  Rosa¬ 
rio  1961).  The  preparation  of  sodium  methoxide  is  described  by  Major  et  al.  (1961)  and  Pease 
(1962:  p.  262).  Metallic  sodium  (2.5  gm)  is  cut  into  2  —  5  mm  cubes  and  dropped  piece  hy  piece 
into  methyl  alcohol  (25  mi)  in  a  flask  in  a  Chemical  hood.  The  sodium  should  be  added  cpiickly 
because  a  temperature  above  50°C  is  necessary  for  thè  reaction.  The  originai  level  of  thè  methyl 
alcohol  should  be  marked  so  that  thè  alcohol  that  evaporates  may  be  replaced.  When  thè 
sodium  is  dissolved  and  evaporated  alcohol  replaced,  benzene  (25  mi)  is  added.  If  there  is 
a  phase  houndary,  then  add  methyl  alcohol  until  thè  mixture  is  clear.  This  stock  solvent 
mixture  can  be  stored  indefinitely. 

Epoxy  resins  are  dissolved  rapidly  and  even  large  pollen  grains  will  be  free  of  thè  plastic 
within  30  sec  to  several  minutes.  The  reaction  is  stopped  by  flooding  thè  specimen  with  a  1  :  1 
mixture  of  methyl  alcohol  and  benzene.  Mayor  et  al.  washed  with  two  changes  of  acetone 
followed  by  distilled  water  where  thè  objective  was  to  improve  thè  results  with  aqueous  stain 
such  as  toluidine  blue.  In  thè  preparation  of  specimens  for  SEM  rinsing  with  water  may  be 
disadvantageous  with  regard  to  surface  tension  and  contamination,  and  we  washed  either  with 
acetone  or  methyl  alcohol. 

Sections  or  fractured  chips  of  plastic  containing  thè  pollen  are  attached  to  SEM  specimen 
pins  with  conductive  cement.  Since  only  a  drop  of  sodium  methoxide  is  required,  it  is  convenient 
to  follow  thè  reaction  with  a  stereoscopie  microscope  and  stop  its  progress  with  fluid  held  in 
a  Pasteur  pipette.  If  thè  specimen  consists  of  thin  sections  or  thè  pollen  grains  are  small, 
it  is  desirable  to  dilute  thè  stock  mixture  with  equal  parts  of  methyl  alcohol  and  benzene. 
For  reactions  of  longer  duration  than  a  minute,  thè  addition  of  fresh  sodium  methoxide  solu¬ 
tion  may  help  to  prevent  forination  of  a  precipitate  over  thè  specimen.  There  is  a  great  deal 
of  bubbling  during  thè  dissolution  process  and  as  thè  reaction  is  stopped,  altliough,  after  wash- 
ing,  thè  exposed  pollen  grains  are  clean  in  appearance  and  pollen  grain  size  is  unaltered. 


Results  and  discussion 

Observers  desiring  pollenmorphological  information  from  a  combina- 
tion  of  LM,  TEM,  and  SEM  are  commonly  dependent  upon  pollen  grains  pre- 
pared  by  different  techniques.  As  a  result  it  is  difficult  or  impossible  to  be 
assured  that  thè  preparations  are  comparable,  especially  with  respect  to  shrink- 
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Figs  1A  and  1B.  LM  Photomicrographs  of  ca.  1  /uni  epon-araldite  sections  of  L.  tenuifolium 
pollen  grain  stained  with  0.05%  toluidine  blue  in  benzoate  buffer  (pH  4.5).  The  germinai 
apertures  at  thè  top  and  left  in  thè  figures  are  serial  with  micrographs  in  figures  2  and  3. 

Scale  line:  ca.  10 
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age  and  expansion.  The  pollen  grain  exine  is  both  plastic  and  elastic  (Banerjee, 
Rowley,  and  Allesio  1965;  and  Matson  1976)  so  that  specimen  preparation 
may  effect  size  and  shape  of  exine  perforations,  thè  width  of  muri,  relationship 
of  apertural  parts,  and  other  fine  details  of  exine  structure  and  sculpture  as 
well  as  overall  pollen  size,  which  in  itself  may  or  may  not  be  considered  of 
great  significance.  As  a  result,  subtle  variations  in  morphology  may  have  to 
be  regarded  with  reservation  or  ignored.  Whereas  thè  minor  alterations  in 
pollen  morphology  could  have  considerable  importance  if  they  are  character- 
istic  of  a  taxon  (Fig.  6).  Positive  evidence  for  exine  variation  within  a  genotype 
has  wide  application  in  areas  such  as  evolution  of  thè  exine,  concerning,  e.g., 
whether  thè  phenotype  may  he  affected  by  its  own  haploid  genetic  content 
(“haploid  effect”,  cf.  Beatty  1975),  or  thè  evaluation  of  possible  environ- 
mental  effects  (Hebda  and  Lott  1973). 


It  is  common  practice  to  cut  1  //m  or  thicker  sections  for  LM  before  or  after  cutting 
thin  sections  for  TEM.  Relatively  thin  sections  usecl  for  phase  or  interference  contrast  (Nomarski) 
microscopy  can  reduce  thè  need  for  TEM  observations  and  sections  as  thick  as  thè  diameter 
of  thè  pollen  grains,  which  may  be  satisfactorily  cut  with  a  razor  biade  by  hand,  are  valuable 
in  conjunction  with  whole  pollen  preparations  since  they  will  include  exposed  sections  of  thè 
exine  and  may  be  exactly  comparable  with  TEM  observations.  Sections  of  intermediate  tliick- 
ness  that  will  include  extensive  areas  of  exine  surface  can  supplant  many  routine  SEM  observ¬ 
ations.  Traverse  (1974:  p.  228)  has  considered  thè  utility  of  interference  contrast  microscopy 
in  thè  latter  regard  with  respect  to  relative  cost  and  information. 


Fig.  2.  TEM  micrograph  1  — 5  m  poleward  from  thè  uppermost  aperture  in  Fig.  1.  The  other 
end  of  this  aperture  is  shown  in  Fig.  4.  Several  small  exinous  processes  (arrow  heads)  are  seen 
near  thè  aperture  margin,  those  at  thè  right  are  reflexed  over  thè  aperture  margin.  Section 
stained  with  1%  phosphotunstic  acid  in  10%  chromic  acid  (PTA  chrom).  Scale  line:  ca.  1  /un 
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Fig.  3.  TEM  micrograph  serial  with  thè  apeiture  at  thè  left  sides  of  Figs  1A  and  1B.  The 
thickened  intine  (I)  of  thè  apertural  region  is  stained  by  thè  osmiuin  tetoxide-rutheniurn  red- 
thiocarbohydrazide  (TCH)-osmium  post-rehydration  treatment  and  thè  conductivity  conferred 
by  these  metals  is  considered  responsible  for  thè  dark  appearance  of  apertures  in  SEM  immages 
(cf.  Figs  4  and  5).  Section  staining  with  PTA  chroin  further  darkens  thè  apertural  intine  and 
stains  thè  exine  surface  coating  (short  arrow),  fibrillar  network  in  thè  bacular  arcade  (B),  and 
acidic  polysaccliaride  in  cytoplasmic  vesicles  (long  arrow).  Starch  grains  are  darkened  by 
periodic  acid  oxidation  followed  by  TCH  and  silver  proteinate  but  not  by  PTA  chrom  staining. 

Scale  line:  ca.  1  /um 


The  simplest  and  in  several  respeets  thè  best  way  to  inount  and  examine  plastic  embedded 
sections  for  LM  is  to  heat  thè  microscope  slide  sufficiently  (60—  80°C)  to  slightly  melt  and  thus 
seal  thè  sections  to  thè  glass.  Except  for  very  thick  sections  thè  sections  are  transferred  from 
thè  knife  reservoir  to  a  drop  of  water  on  thè  slide  by  means  of  a  water  film  held  by  a  wire 
loop  (ca.  5  inm  in  diameter).  As  thè  sections  are  examined  with  oil  immersion  objectives  (we 
used  50  X  and  100  X  objectives),  placing  thè  oil  directly  on  thè  plastic  sections  obviated  thè 
difficulty  caused  by  varying  section  thickness  (from  less  than  1  to  30  — 40  //m)  when  a 
cover  glass  is  used.  Immersion  oil  may  be  removed  from  thè  sections  by  drawing  lens  paper 
over  thè  slide  following  application  of  benzene.  Thick  sections  can  be  detached  from  thè  slide 
with  a  razor  biade  and  transferred  to  a  coating  of  adhesive  on  an  SEM  specimen  pin.  The  sec¬ 
tions  ought  to  be  released  from  thè  glass  surface  under  a  small  plastic  pouch  cut  from  thè 
corner  of  a  plastic  bag,  as  Humphreys  et  al.  (1973)  recommend  to  prevent  loss  of  chips  fractured 
from  embedded  material.  A  dissection  needle  coated  with  a  viscous  liquid  facilitates  transfer 
of  sections  or  chips.  Dodecenyl  succinic  anhydride  is  favourable  as  it  will  not  interfere  with 
dissolution  of  thè  epoxy  embedding  resin. 

Examination  of  plastic  sections  with  LM  and  subsequent  removai  and  orientation  of 
sections  for  SEM  may  be  aided  by  staining.  Any  of  thè  baéic  dyes  used  by  palynologists  to 
stain  thè  pollen  exine  or  many  of  thè  botanical  staining  procedures  described  by  Feder  and 
O’Brien  (1968)  may  be  applied  to  plastic  embedded  sections  which  have  been  affixed  to  slides 
by  heat.  Mayor  et  al.  (1961)  used  sodium  methoxide  to  remove  epoxy  resin  from  sections  in 
order  to  take  advantage  of  metachromasia,using  basic  dyes  such  as  toluidine  blue.  They  reported 
that  thick  sections  with  resin  removed  stained  brilliantly  and  revealed  excellent  cellular  detail 
with  thè  light  microscope. 

Our  Linum  pollen  was  obtained  from  herbarium  specimens.  Anthers  from  mature 
flowers  were  wetted  in  a  mixture  of  1%  tannic  acid  and  1%  glutaraldehyde  (TAG)  in  0.1  M 
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Fig.  4.  SEM  micrograph  of  pollen  grain  from  which  sections  were  inade  for  thè  photomicro- 
graphs  in  Fig.  1  and  TEM  micrographs  in  Figs  2  and  3.  The  aperture  “A”  is  part  of  thè  upper- 
most  aperture  in  Figs  1A  and  1B.  The  sodium  methoxide  solvent  generally  removed  thè  epoxy 
resin  embeddant  from  thè  exine  surface  and  profiles  of  exine  processes  are  similar  in  SEM 
(between  arrowheads)  and  TEM  micrographs.  The  material  inarked  with  a  “T”  is  anther 
debris  from  thè  herbarium  material  used  as  a  source  of  pollen.  The  bridges  between  exine 
processes  (short  arrows)  are  considered  to  consist  of  exine  surface  material  or  tryphine  (Figs.  7 
and  8).  Dark  regions  (long  arrows)  on  thè  exine  surface,  where  surface  charging  is  low,  are 
considered  to  be  due  to  thickened  exine  surface  coating  (cf.  right  side  of  Fig.  8).  Scale  line: 

ca.  10  // m 


phosphate  buffer  (pH  7.3,  room  temp.)  as  described  by  Futaesaku,  Mizuhira,  and  Nakamura 
(1972)  and  Rodewald  and  Karnovsky  (1974).  The  anthers  were  then  cut  into  several  pieces, 
placed  in  a  vial  of  TAG  solution,  shaken  vigorously,  and  thè  pollen  separated  from  most  of 
thè  anther  debris,  using  a  screen.  The  residue  containing  thè  pollen  was  centrifuged  and  thè 
resulti ng  pellet  of  pollen  encapsulated  in  a  cold  agar  tube  previously  forined  by  immersing 
thè  tip  of  a  Pasteur  pipette  into  hot  2%  agar.  The  agar  vial  was  sealed  with  a  warm  instru- 
ment  and  thè  agar  encapsulated  pollen  was  returned  to  a  TAG  solution  for  24hrs.  The  agar 
capsule  was  lifted  out  of  TAG,  drained  and  placed  in  0.1  M  glutaraldehyde  in  0.1  M  sodium 
cacodylate-HCl  buffer  (pH  7,  315  milliosmoles,  room  temp.).  The  rationale  for  thè  last  step 
was  (first)  to  remove  excess  tannic  acid  without  resorting  to  a  water  rinse  and  (second)  to  reduce 
thè  osmolality  to  310  —  320  milliosmoles,  empirieally  determined  to  approximate  thè  osmola- 
lity  of  thè  pollen  protoplast.  The  pollen  was  left  in  this  mixture  for  2-  12hrs  or  until  expansion 
of  thè  pollen  was  observed  to  be  satisfactory.  Should  thè  pollen  become  overexpanded  or 
remain  partly  collapsed,  thè  osmolality  could  be  increased  or  decreased  by  altering  thè  con- 
centration  of  thè  buffer  or  glutaraldehyde;  thè  histograins  in  Maser,  Powell,  and  Philpott 
(1967)  may  be  used  if  an  osmometer  is  unavailable.  The  agar  capsule  containing  thè  pollen 
was  then  dropped  into  a  solution  of  0.1%  osmium  tetroxide  in  glass-distilled  water  (pH  6) 
without  washing  out  thè  glutaraldehyde. 

Staining  with  osmium  was  thè  first  step  in  binding  heavy  metals  to  thè  exine  surface 
coating  and  osmiopliilic  components  within  thè  intine  and  cytoplasm  to  provide  a  conductive 
material  to  prevent  an  uneven  buildup  of  electrons  when  thè  pollen  was  later  exposed  to  a 
scanning  electron  beam.  Hanker,  Deb,  Wasserkrug,  and  Seligman,  Wasserkrug  and 
FIander  (1966)  showed  that  cations  added  to  tissue  by  stain  procedures  or  cations  native  to 
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tissues  can  be  amplificd  through  thè  use  of  ligands.  They  demonstrated  that  one  end  of  multi- 
valent  ligands,  such  as  thiocarbohydrazide  (TCH),  was  bound  to  a  metal  in  thè  tissue  while 
thè  other  end(s)  remained  free  to  bind  to  additional  metal  ions.  Extensive  use  is  made  of  thè 
principle  in  Thiery’s  (1967)  modification  of  thè  PAS  reaction  where  TCH  is  einployed  to  bind 
to  aldehydes  freed  hy  periodic  acid  oxidation  and  silver  proteinate.  then  bound  to  TCH  to 
provide  thè  contrast  necessary  for  TEM  observation.  Ligand-mediated  osmium  binding  has 
been  employed  by  Kelley,  Dekker,  and  Bluemink  (1973)  to  give  a  metal  coating  to  soft 
biological  tissues  and  these  gave  adequate  conductivity  to  entirely  circumvent  evaporated 
metal-carbon  coating  of  SEM  specimens  at  acceleration  voltages  up  to  25  kV. 

As  we  employed  thè  ligand  method,  thè  pollen  in  agar  waslifted  out  of  thè  glutaraldehyde 
solution  and  drained  before  being  placed  in  a  solution  of  0.1%  0S04  in  glass-distilled  water 
(pH  6,  20°C)  or  0.1%  Os04  plus  0.1%  ruthenium  red  for  ca.  2hrs.  The  pollen  grains  were  then 
rinsed  in  3  changes  of  10%  acetic  acid  for  a  total  of  ca.  15  min,  transferred  to  0.1%  TCH 
dissolved  in  10%  acetic  acid,  and  washed  for  15  min  in  3  changes  of  10%  acetic  acid  to  remove 
unbound  TCH.  After  washing  in  3  changes  of  water,  thè  agar-encapsulated  pellet  of  pollen  was 
placed  in  2  mi  of  0.1%  Os04  for  2hrs  then  2  mi  of  70%  acetone  was  added  to  begin  thè  dehy- 
dration.  Thereafter,  at  10  min  intervals,  thè  pollen  was  transferred  through  an  acetone  series 
which  included  5  changes  of  100%  acetone.  Embedding  was  in  Mollenhauer’s  (1964)  mixture 
No.  1  consisting  of  epon  and  araldite  with  polymerization  in  an  oven  at  80°C. 

The  photomicrograph  in  Figure  1  and  electron  micrographs  in  Figures 
2 — 3  are  serial  sections  from  thè  Linum  tenuifolium  pollen  grain  shown  in 
thè  SEM  rnicrograph  in  Figure  4.  The  sections  and  SEM  micrographs  in  Figures 


Fig.  5.  SEM  rnicrograph  of  six  pollen  grains  and  anther  celi  remains  protruding  from  a  partially 
dissolved  epon-araldite  section.  Two  of  thè  grains  (C  and  D)  became  free  of  thè  embedding 
plastic  and  rotated.  The  aperture  membrane  on  grain  “A”  is  flecked  with  exinous  processes 
(arrow).  Whereas  there  are  only  a  few  small  processes  (arrow)  on  thè  aperture  of  grain  “B’* 
and  essentially  none  on  thè  apertures  of  grain  “C”.  There  is  gathered-up  material  (arrows) 
at  thè  apperture  margin  of  grain  “C”  (also  apparent  on  grains  “A”  and  “B”)  which  is  considered 
to  be  thè  reflexed  apertural  membrane.  Magnification  scale  line:  ca.  10  /ui n 
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Fig.  6.  Some  exine  processes  of  L.  tenuifolium  pollen  are  straight-sidcd,  while  others  are  con¬ 
cave.  The  proportion  of  these  two  types  in  thè  grain  prepared  for  LM,  TEM.  and  SEM  (Figs 
1  —  4  and  5)  is  three  —  four  concave  to  one  with  straight  sides.  The  area  and  sliape  of  thè  distai 
surface  of  exine  processes  in  that  grain  is  markedly  variahle.  Processes  having  four  protruding 
knobs  (see  Fig.  4)  are  scpiarish  while  those  with  three  or  two  knobs  are  triangular  and  elliptic 
respectively  and  have  progressi vely  reduced  surface  areas.  Variatimi  in  size  of  processes  is 
also  apparent  in  grain  “B”  of  Fig.  5  while  processes  appear  fairly  uniform  in  size  in  grains 
“A”  and  “C”  of  Fig.  5.  These  are  examples  of  distinctions,  like  thè  flecking  on  thè  aperture 
of  gains  “A”  of  Fig.  5,  that  are  amenable  to  criticai  assessment  through  examination  of  selected 
individuai  pollen  grains  by  LM,  TEM,  and  SEM. 


5 — 10  are  from  thè  same  plastic  block  as  thè  grain  in  Figures  1 — 4.  In  Figures 
4 — 5  and  9—10  thè  epon-araldite  was  partially  dissolved  in  sodium  inethoxide 
(1  min  for  thè  section  used  in  Fig.  5  and  2  min  for  Figs  4  and  9  and  thè  fractur- 
ed  chip  in  Fig.  10  at  stock  solution  concentration). 

The  verrucoid  exinous  processes  which  appear  to  he  monomorphic  with 
thè  light  microscope  are  found  to  he  variable  in  two  respects  in  at  least  some 
grains  from  thè  single  plant  used  for  our  study.  These  variables  are  described 
and  illustrated  in  Figs  4  and  6.  The  hexagonal  arrangement  of  exine  processes 
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causes  aperture  margins  to  be  slightly  irregular  (Fig.  4)  but  exine  processes 
are  not  evident  on  thè  aperture  membrane  in  thè  sectioned  grains.  SEM  obser- 
vations,  however,  show  apertures  with  and  without  small  processes  on  thè  aper¬ 
ture  membrane  (Fig.  5). 


Fig.  7.  Uncharacterized  substances  on  thè  surface  of  pollen  grains,  commonly  called  tryphine 
and  believed  to  originate  from  tapetal  cells,  occur  in  our  material  both  external  to  thè  exine 
surface  coating  (short  arrows)  and  between  that  coating  and  thè  exine  (cf.  Fig.  8).  Tryphine 
(T)  located  external  to  thè  exine  surface  coating  may  bridge  (B,  see  also  Fig.  4)  exine  processes. 
The  undulations  (long  arrow)  which  are  typical  of  thè  proximal  surface  of  thè  exine  form  a 
reticulum  (cf.  Fig.  10).  The  small  exine  processes  (arrow  heads)  at  thè  aperture  margin  are 
considered  to  have  been  located  over  thè  aperture  membrane  (cf.  Fig.  5)  prior  to'dehydration 
or  subsequent  processing.  Stain:  PTA  chrom.  Scale  line:  ca.  1  fu n 


Fig.  8.  The  exine  surface  coating  in  thè  grains  examined  is  thickened  in  regions  where  tryphine 
(T)  occurs  between  thè  exine  (E)  and  exine  surface  coating  (arrows).  In  SEM  micrographs, 
regions  where  thè  exine  surface  coating  is  extensively  thickened  are  recognized  by  a  globular 
texture  (cf.  Fig.  9)  and  a  localized  reduction  in  surface  charging  (cf.  Figs  4  and  9)  due,  to  metal 
bound  to  thè  surface  coating  during  post-rehydration  staining.  At  thè  left  margin  an  arrow 
head  marks  a  loop  of  exine  coating  material  from  which  tryphine  has  been  extracted.  The 
distai  part  of  that  loop  bridges  two  exine  processes  (cf.  Fig.  4).  Stain:  PTA  chrom.  Scale  line: 

ca.  1  firn. 
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Fig.  9.  The  surface  area  delimited  by  arrow  heads  is  considered  to  be  exine  surface  coating 
probably  underlain  by  tryphine  as  in  Fig.  8.  The  tannic  acid  and  gluteraldehyde  fixative  used 
for  rehydration  of  thè  pollen  grains  is  favorable  for  preservation  of  thè  polysaccharide  and  pro- 
tein  containing  exine  surface  coating  and  all  exine  surfaces  in  our  illustrations  (except  thè 
fractured  surface  in  Fig.  10)  include  thè  exine  surface  coating.  In  generai,  this  coating  is  thin 
and  attached  to  thè  exine  and  does  not  greatly  interfere  with  inorphological  obsevation.  The 
capacity  of  exine  surface  coat  coinponents  for  binding  metals  can  be  used  to  advantage  in 
thè  control  of  specimen  surface  charging  during  SEM  observation.  Scale  line:  ca.  10  fi m 


The  SEM  images  of  apertures  which  are  devoid  of  exinous  flecking  on  thè 
apertural  floor  show  that  there  are  folds  of  material  at  one  or  both  sides  of 
apertures  (Fig.  5).  They  look  as  though  thè  exinous  covering  of  thè  aperture 
floor  had  parted  and  then  had  been  gathered  up  adjacent  to  thè  margin.  Our 
attention  was  thus  guided  to  material  at  thè  aperture  margin  in  TEM  micro- 
graphs  in  which  exinous  processes  were  missing  from  apertures.  In  most  sec- 
tions  of  apertures  we  found  that  there  were  several  to  many  small  exinous 
processes  either  adjacent  to  thè  aperture  margin  (Figs.  2  and  7)  or  reflexed  over 
thè  margin  (Fig.  2). 

While  we  had  considered  small  processes  covering  thè  apertural 
floor  to  be  characteristic  of  some  species,  it  became  apparent  that  thè  occurence 
of  these  processes  on  thè  floor  of  apertures  was  likely  to  be  a  generai  phenom- 
enon  in  thè  genus  Linum.  Persistence  of  thè  apertural  membrane  may  per- 
haps  vary  with  species,  although  maturation  of  thè  sample  and  subsequent 
handling  must  be  considered  in  any  description  of  apertures  in  pollen  of  Linum. 
In  Erdtman’s  (1952)  descriptions  of  pollen  grains  of  Linum  only  thè  colpi  of 
one  species  (L.  perenne)  are  indicated  as  covered  by  verrucose  membranes  and 
these  showed  thè  same  pattern  as  in  thè  meso-  and  apocolpia. 

Attention  is  given  to  thè  exine  surface  coating  because  of  thè  potential 
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of  these  coatings  in  pollen  morphology-taxonomy  and  other  applications 
demanding  specific  identifications  and  characterizations.  Work  with  exine 
surface  coatings  has  been  limited  to  positive  staining  for  protein  and  acidic 
polysaccharides  and  binding  of  cationic  dyes  (e.g.,  Rowley  1971,  Pettitt 
and  Jermy  1974)  and  thè  Identification  of  sialic  acid  as  a  component  of  thè 
exine  coating  of  spores  of  thè  fern  Botrychium  lunaria  (Pettitt  and  Jermy 
1974).  From  this  evidence  it  can  be  concluded  tliat  exine  surface  coatings 
are  composed  of  mucopolysaccharides  or  glycoprotein.  The  data  now  available, 
however,  for  plant  celi  plasma  membrane-glycocalyces  are  stili  few  and  in- 
sufficient  and  thè  conclusions  that  can  be  drawn  are  therefore  bound  to  facts 
which  were  established  for  thè  celi  coats  of  animai  cells.  It  is  likely  that  thè 
mucopolysaccharide  or  glycoprotein  composition  of  exine  surface  coatings  is 
highly  specific. 

Retention  of  thè  exine  surface  coating  is  advantageous  for  SEM  obser- 
vation,  even  though  no  attention  is  directed  toward  their  presumed  specific 


Fig.  10.  A  fracture  has  exposed  thè  middle  portion  of  thè  complex  bacular  (B)  zone  of  thè 
exine,  thè  distai  surface  of  thè  footlayer  (F)  revealing  thè  origins  of  numerous  bacules  (compare 
with  section  in  Fig.  8),  thè  distai  surface  of  thè  intine  (I),  thè  surface  of  thè  cytoplasm  (C), 
and  part  of  thè  cytoplasm  (P).  The  interlaced  ridges  on  thè  distai  surface  of  thè  intine  (I) 
reflect  thè  pattern  of  thè  exine-intine  contact  (cf.  Figs  7  and  8).  Scale  line:  ca.  10  /tm. 
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composition.  The  binding  capacity  of  these  polysaccharide— protein  coatings 
far  exceeds  that  of  thè  exine  itself,  as  can  be  appreciated  in  Figs  2  —3  and  6  —8. 
With  appropriate  staining  thè  exine  surface  coating  can  be  used  to  provide 
a  conducting  surface  that  will  eliminate  thè  need  for  thè  addition  of  metals 
or  allow  for  favorable  results  using  evaporated  carbon,  which  is  relatively 
transparent  to  electrons. 

The  acidic  polysaccharide  and  protein-containing  exine  surface  coating 
in  germinai  apertures  of  Oxalis  rosa  pollen  is  [Rowley  and  Skvarla  (1976)] 
in  intimate  contact  with  thè  endexine,  and  Rowley  and  Dahl  (in  press) 
determined  that  there  is  continuity  between  thè  exine  surface  coating  and 
endexine-interbedded  intine  in  pollen  of  Artemisia  vulgaris.  Thus,  it  is  not 
unreasonable  to  suggest  that  thè  greatly  thickened  exine  surface  coating  we 
find  to  occur  over  thè  exine  in  regions  rich  in  tryphine,  as  in  Fig.  8,  became 
thickened  in  response  to  thè  presence  of  tryphine  substances,  or  that  thè  exine 
surface  coating  ofL.  tenuifolium  pollen  be  provisionally  considered  as  an  absorp- 
tive  component  of  thè  protoplast  surface. 

The  acceptability  of  pollen  grains  obtained  from  herbarium  specimens 
for  cytological  or  histochemical  studies  is  worthy  of  assessment  during  thè 
present  period  of  increasing  cost  for  travel,  diminishing  funds  to  maintain 
botanical  gardens  and  other  live  collections,  and  an  estimated  20,000  species 
of  flowering  plants  at  risk  of  extinction  (Myers  1976).  Pollen  grains  are  in 
generai  programmed  to  be  dehydrated  and  maintenance  of  fresh  grains  under 
high  vacuum  or  in  dry  solvents  such  as  acetone  prolongs  pollen  grain  viability. 
With  thè  same  attention  to  thè  composition  and  osinolality  of  rehydration 
that  would  be  given  living  tissues  prepared  for  histochemical  detection  of 
carbohydrates,  protein,  or  lipids,  wefind  that  thè  results  of  staining  procedures 
(e.g.,  PTA  in  acetone  for  protein,  PTA  in  chromic  acid  for  acidic  polyanions 
and  osmium  tetroxide  for  unsaturated  lipids)  are  comparable  with  those 
performed  on  pollen  grains  fixed  from  thè  living  condition. 
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Continuing  thè  quantitative  morphological  analysis  of  anise,  thè  authoress  in¬ 
vestigateci  and  found  of  thè  present  work  points  of  measurement  whose  data  allowed 
thè  calculation  of  space  occupied  or  “filled”  by  thè  various  individuals  at  a  given  stage 
of  growth  and  in  its  turn  its  phenophases  as  well.  She  lias  termed  this  space  as  current 
space  demand  (CSD),  for  its  very  linkage  to  thè  stages  of  ontogenesis.  In  thè  popu- 
lation  examined  there  has  occured  a  variability  with  respect  to  thè  degree  of  develop- 
ment  and  space  demand.  The  maximum  CSD  could  best  be  measured  in  thè  more  devel- 
oped  (pj)  and  in  thè  poorly  developed  (p2)  samples  at  identical  developmental  stages 
and  phenophases.  A  considerable  difference,  however,  occured  between  px  and  p2 
with  respect  to  both  thè  absolute  values  of  CSD  and  thè  architecture.  The  diversity 
values  of  CSD/individual  is  case  of  px  are  very  near  to  each  other,  contrary  to  p29 
where  in  thè  last  time  this  value  is  very  low. 

The  NEDLER-type  equifinality  (cf.  O’svàth  1964)  between/q  andp2  did  not  ensue 
even  by  thè  ripening  of  thè  seed. 

A  worsening  of  thè  environmental  conditions  (too  high  temperature  and  light 
intensity)  was  more  harmful  to  p2  than  to  px. 

According  to  thè  calculations,  one  of  thè  causes  of  variability  occuring  with 
regard  to  thè  degree  of  development  and  thè  CSD  may  be  thè  significant  weight  dif¬ 
ference  between  thè  fruits  produced  by  thè  inflorescence  of  thè  side  umbel  and  by  thè 
main  umbel.  At  germination,  at  thè  heterotrophic  nourishinent  stage,  thè  individuals 
having  a  lower  fruit  weight  and  originating  from  thè  side  umbels  start  with  disadvantages 
which  in  thè  intraspecific  competition  affects  physiologically  (cf.  Kuroiwa  1960) 
thè  development  and  consequently  thè  CSD.  They  are  also  measurable. 


Introduction 

In  thè  first  one  of  thè  preceding  papers  we  examined  per  internode  thè 
“effect”  of  thè  periodical  sowing  of  anise  on  thè  growth  parameters,  that  is, 
on  thè  relative  growth  rate  (RGR),  on  thè  leaf  area  ratio  (LAR)  and  on  thè 
net  assimilation  rate  (NAR)  (Szujkó-Lacza  —  Szócs  —  Hornok  1975).  In 
thè  second  study  we  described  thè  architecture  (Szujkó-Lacza  — -  Szócs  1975). 

In  thè  third  part  of  thè  series  of  studies,  thè  quantitative  analysis  of  thè 
plant  has  been  dealt  with  from  stili  another  aspect. 

In  1974,  on  thè  plots  sown  with  anise  on  thè  same  date,  remarkable 
differences  were  noticed  concerning  thè  growth  and  little  ones  with  respect 
to  thè  development  of  thè  plants;  these  manifested  themselves  also  in  their 
architecture. 
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In  order  to  be  able  to  describe  thè  phenomenon,  simple  measurements 
were  made  at  thè  measuring  points  and,  on  thè  basis  of  thè  data  obtained, 
thè  determination  with  an  approximate  accuracy  of  thè  current  space  demand 
(hereinafter  CSD),  necessary  for  thè  degree  of  growth  of  thè  plant  and  for  its 
architecture  in  thè  given  point  of  time,  was  attempted. 

Further,  an  answer  was  sought  for  thè  question  concerning  thè  cause(s), 
of  plant  origin,  which  affect  thè  variability  in  thè  space  demand  of  thè  individu¬ 
ai  in  thè  population,  sown  at  thè  same  time  and  in  thè  same  plot. 


Intraspecific  competition  has  for  long  been  an  exciting  question  as  regards  thè  naturai 
and  monospecific  populations  and  thè  individuai  of  thè  cultivated  species  (cf.  Kuroiwa 
1960).  For  measuring  thè  intraspecific  competition  of  plants  usually  thè  dry-matter-produc- 
tion  differences  were  used.  Kuroiwa  (l.c.)  found  significant  differences  in  thè  respiration  meas- 
ured  indirectly  and  also  in  thè  growth  parameters  and  day-time  photosynthesis  of  dominant, 
transitorial  and  suppressed  individuala  of  sunflower  plots.  According  to  her,  thè  cause  of  thè 
difference  is  to  be  found  in  thè  light-conditions  within  thè  stand.  At  thè  same  time  she  States, 
on  thè  basis  of  thè  dry  seed  weight  and  thè  dry  weight  of  10-day-old  seedlings,  that  initially 
thè  height  and  weight  of  thè  plant  are  determined  by  thè  dry  weight  of  thè  seeds.  Briggs  — 
Kidd  —  West  (1920)  also  tested  thè  seed  weight  differences  in  Helianthus  annuus  L.  when  search- 
ing  for  thè  causes  of  deviations  occuring  within  thè  population. 

The  anise  samples  (pl  and  p2)  examined  at  Soroksàr  in  1974  showed  dif¬ 
ferences  with  respect  to  also  other  characteristics  indicating  growth.  According 
to  a  personal  communication  by  L.  Hornok,  thè  differences  arose  already 
in  germination,  and  in  thè  appearance  of  thè  seedlings  at  different  times. 

The  architectural  elements  of  thè  anise  —  leaves,  side  shoots,  etc.  — - 
develop  successively  proceeding  from  below  upwards,  in  an  acropetalous  order 
(cf.  thè  exomorphic  description  in  Szujko-Lacza,  1976;  and  thè  quantitative 
analysis  of  thè  architecture  in  Szujko-Lacza  —  Szócs,  l.c.).  Following  this, 
their  life  time  is  different.  Therefore  their  position  within  thè  stand  is  also 
different  and  according  to  their  localization,  temperature-,  light-,  C02  etc. 
supply,  differences  may  arise  among  thè  individuai  architectural  elements. 
The  umbels  of  thè  side  shoots  reach  thè  stage  of  opening  of  thè  petals  also 
at  different  times.  Successively,  after  thè  flowering  of  thè  main  umbel,  there 
follows  thè  lowermost  developed  side  shoot  which  grows  farthest  from  thè 
main  umbel,  then  tlie  phenomenon  can  be  observed  gradually  appearing  on 
increasingly  higher-lying  side  shoots.  Until  thè  doublé  fertilization  ensures 
in  thè  embryo  sac  of  thè  ovules,  thè  main  umbel  presumably  inhibits  physio- 
logically  thè  full  development  of  thè  inflorescence  lying  below  it.  The  inhibition 
is  relieved  first  on  thè  sideshoot  lying  farthest  from  thè  main  umbel.  A  similar 
regulation  exists  in  thè  relation  of  thè  side  shoots,  too.  Accordingly,  thè  life- 
time  of  thè  schizocarps  developed  on  identical  plants  is  also  different.  Our 
point  of  departure  for  thè  further  investigations  was  this  phenomenon  of 
florescence  regulation  and  its  evident  consequences.  It  was  supposed  that 
thè  seedlings  might  be  different  also  with  respect  to  thè  initial  fruit  weight. 
This  does  not  preclude  differences  among  individuate  with  mature  fruits.  The 
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quantitative  differences  of  thè  endosperm,  i.e.  thè  fruit  weight  differences, 
may  he  thè  primary  cause  in  thè  ensuring  variability.Therefore,  it  was  examin- 
ed  whether  a  significant  difference  can  be  detected  between  thè  differences 
among  individuai  fruit  weights  of  thè  main  and  those  of  thè  side  shoots  of  thè 
same  plants. 


Material  and  method 

The  investigations  were  carried  out  ori  “Budakalàszi  elit”  fruit  sown  in  thè  Soroksàr 
field  of  thè  Group  of  Medicinal  Plant  Growing,  Department  of  Horticulture,  University  of 
Agriculture.  The  sowing  took  place  on  mean-bound,  sandy  abode  soil,  in  plots  of  16  m2  basic 
area  at  20  cm  row  distance  and  at  0.5  — 1.0  cm  stock  distance,  in  three  fold  repetition.  For  thè 
preliminary  study,  samples  were  selected  from  thè  plots  sown  on  26  March,  1973:  5  specimens 
were  selected  on  19  July,  1973;  then  next  year  measurements  were  carried  out  at  variouss 
phenophases,  on  thè  plants  sown  on  21  March,  1974.  For  thè  various  times  of  measurement 
see  Table  1. 

In  1974,  both  fully  and  poorly  developed  specimens  were  available,  therefore,  on  thè 
basis  of  random  sampling,  16  specimens  were  selected  from  each  of  thè  samples,  viz.  from  thè 
developed  (hereinafter  pt)  and  from  thè  less  developed  (hereinafter  p2)  samples,  and  thè  fol- 
lowing  measurements  were  taken: 

The  distance  between  thè  apices  of  thè  base  leaves  lying  opposite  each  other,  thè 
distance  between  thè  third  base  leaf  and  thè  main  axes  were  measured  and  thè  mean  of  thè 
mean  of  thè  two  values  was  taken.  After  thè  drying  off  of  thè  base  leaves,  thè  diameter  of  thè 
first  internode  of  thè  main  axis  was  only  measured.  Following  this,  thè  distance  between  thè 
two  most  developed  side  shoots  to  be  found  on  opposite  sides  of  each  other  was  measured. 
The  same  was  repeated  by  measuring  thè  distance  between  thè  next  pair  of  side  umbels,  and 
thè  mean  of  thè  two  results  was  taken.  This  mean  value  was  then  thè  basis  for  thè  calculations. 
Then  thè  height  of  thè  specimen  m  was  recorded  (Fig.  1).  In  sample  up  to  phenophase 


Fig.  1.  Measurement  points  on  thè  plant,  at  various  phenophases 
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32.2*  —  that  is,  when  thè  base  leaves  and  foliage  leaves  are  intact,  thè  secondary  inflorescence 
axes  in  thè  umbel  of  thè  side  shoot  are  elongated,  thè  umbellets  on  them  are  gloinerulous,  thè 
margin  of  thè  petals  is  light  green,  thè  side-  shoots  are  shorter  and  not  yet  reaching  thè  height 
of  thè  main  umbel. 

The  value  of  m  represents  thè  height  level  from  thè  soil  to  thè  surface  of  thè  main  umbel, 
while  later  that  of  thè  side-uinbels,  since  thè  latter  overgrow  thè  main  umbel. 

The  height  level  in  sample  p2  was,  owing  to  thè  under-development  of  thè  side-umbels, 
in  every  case  identical  with  thè  height  of  thè  main  umbel.  All  of  thè  measurements  were  carried 
out  with  an  accuracy  of  a  inm  order.  On  thè  basis  of  thè  data,  thè  space  occupied  by  thè  indi¬ 
viduate  can  be  regarded  as  a  truncate  cone.  Its  volume,  that  is,  thè  space  occupied  or  filled  by 
thè  plant,  was  calculated  by  means  of  thè  equation 

V=  -|--m  n  (R-  +  Rr  +  r-)  =  -2-  m  n  (D2  +  Dd  +  <f2) 

12 

where  V  =  volume,  m  =  height,  D  =  2r  —  mean  of  distance  between  two  side-shoots,  remov- 
ed  farthest  from  each  other,  d  =  mean  of  distance  between  leaves  of  thè  base  leaf  rose  and 
thè  main  axis  and  thè  third  leaf,  while  later  it  is  thè  diameter  of  thè  main  axis.  This  space 
demand,  necessary  within  thè  population  at  a  given  time  and  for  individuate  of  nearly  identical 
developmental  stage,  was  most  conveniently  called  current  space  demand  (CSD),  or  cur- 
rent  space  filling  (CSF). 

The  volume  of  thè  16  truncate  cones  was  calculated  per  sample  and  per  specimen  separate- 
ly,  then  thè  mean  of  thè  result  was  taken  and  related  to  one  individuai,  and  thè  data  were 
classified.  The  diversity  of  CSD  was  calculated  according  to  Shannon  —  Wiener  (1963)  and 
equitability  after  Lloyd  —  Ghelardi  (1964). 

In  order  to  answer  thè  second  question,  5  specimen^  of  average  developmental  stage 
were  collected  from  sample  pl  on  30  July,  1974.  Then,  in  thè  order  of  thè  insertion  of  thè  side 
umbels,  30  schizocarps  were  collected  apically  from  each  of  thè  external  umbellets  of  thè  side 
umbels  and  ateo  of  thè  main  umbel.  The  fresh  weight  each  of  thè  30  schizocarps  was  determined 
separately  on  thè  analytical  balance,  and  thè  data  so  obtained  underwent  variance  analyses 
of  random  arrangement  (SvÀB  1967). 


Results  and  discussion 

A.  The  current  space  demand 

Table  1  shows  thè  changes  in  thè  measured  characters  during  a  given 
period;  thè  values  of  m,  D,  and  d  behave  like  two  variable  functions.  In  this 
case,  thè  value  expressing  thè  examined  growth  characteristic  can  be  represent- 
ed  on  thè  y  axis  as  a  dependent  variable,  while  t  expressing  thè  growth  period 
can  be  represented  as  an  independent  variable  on  thè  x  axis. 

The  data  and  thè  Figures  (Fig.  2)  show  equally  well  thè  differences  be¬ 
tween  px  and  p2.  It  is  common  for  p±  and  p2,  that  while  thè  values  of  m  and  D 
belong  to  thè  rising  period  of  thè  curve  up  to  thè  time  of  thè  third  measurement, 
thè  values  of  d  drop  already  at  thè  time  of  thè  second  measurement,  in  com- 
parison  with  thè  first  one. 

In  comparing  thè  frequency  values,  shown  in  Tables  2  and  3,  with  thè 
mean  values  (Table  1)  it  can  be  stated  that  thè  individuai  frequency  values 


*  The  code  of  thè  stages  and  phenophases  of  thè  ontogenesis  is  interpreted  on  thè 
basis  Szujkó-Lacza  —  Fekete  (1973)  and  Szujkó-Lacza  (1976). 
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Talile  1 


Mean  values  of  m,  D,  d ,  in  mm 


Sampling  time 

Life  time 

Pi 

Pz 

Day 

Month 

in  days 

Di 

di 

m2 

d2 

d2 

21 

6 

89 

433.3 

244.4 

153.1 

227.2 

81.8 

93.8 

01 

7 

99 

490.4 

299.2 

99.1 

349.1 

95.4 

87.4 

16 

7 

115* 

530.9 

300.7 

9.2 

381.1 

134.4 

5.8** 

26 

7 

125 

508.9 

298.8 

7.6 

354.2 

98.8 

4.2 

*  Because  of  thè  Constant,  strong  wind,  thè  third  measurement  could  take  place 
only  after  16  days. 

**  The  value  refers  only  to  thè  first  internode,  since  thè  base  leaves  have  already 
dried  off. 


Fig.  2.  Changes  in  m,  D  and  d  values  in  thè  successive  measurement  times 
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°f  p1  are  thè  highest  around  thè  mean  value.  In  thè  case  of  p2,  thè  individuai 
frequency  values  could  almost  excusively  be  relegated  to  Classes  I  and  II 
at  thè  time  of  thè  first  and  thè  fourth  measurements. 

According  to  JuhÀsz-Nagy  (1973)  thè  diversity  can  be  used  in  a  generai 
meaning.  In  thè  present  case  it  has  been  investigated  thè  “represents”  on  thè 
cubie  values  frequency  ( n )  in  thè  categories  (s)  see  in  Table  2  and  3,  where 
thè  N  =  16.  It  is  a  time-dynamic  approximation  of  thè  development  and  change 
of  thè  individuate  of  px  and  p2. 


Table  2 


Frequency  distribution  of  thè  volume  values  in  thè  case  of 
(its  class  intervals) 


Class 

I 

il 

ili 

IV 

V 

VI 

Date 

1974 

dm8 

1-5 

ON 

l 

o 

11—15 

16—20 

21—25 

26— 

Month 

Day 

1 

2 

9 

1 

3 

0 

6 

21 

0 

3 

2 

6 

3 

2 

7 

01 

2 

1 

7 

5 

1 

0 

7 

16 

1 

5 

3 

6 

1 

0 

7 

26 

Table  3 

Frequency  distribution  of  thè  volume  values  in  thè  case  of  p2 


Class 

I 

il 

ili 

IV 

v 

Date 

1974 

dm8 

0.1—0.99 

1—1.99 

2—2.99 

3—3.99 

4- 

Month 

Day 

5 

8 

1 

1 

2 

0 

6 

21 

2 

3 

6 

3 

2 

7 

01 

4 

6 

3 

1 

2 

7 

16 

9 

7 

0 

0 

0 

7 

26 

Table  4 


Change  of  thè  CSD  diversity  and  equitability  values  in  pl  and  p2 


Date 

Pi 

Pi 

Month 

Day 

Div. 

Equitab. 

Div. 

Equitab. 

6 

21 

1.2771 

0.7128 

1.1443 

0.7110 

7 

01 

1.5160 

0.8460 

1.5160 

0.9410 

7 

16 

1.3335 

0.7442 

1.4627 

0.9088 

7 

26 

1.3940 

0.7780 

0.6850 

0.4256 
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Table  5 


Mean  CSD  of  px  individuals  by  phenophases  (n  =  16) 


Date,  1974 

Phenophase 

CSD  in  dm3 

Diff. 

Month 

Day 

6 

21 

21.4.2-23.2;  31.2;  34.2n 

13.72 

7 

01 

21.4.2-23.2;  32.3.4;  35.1-35.3.2;  41.2 

17.35 

3.63 

7 

16 

22.4-23.2;  33.1.3;  36.1.1-36.1.2;  42.1 

13.65 

-3.70* 

7 

26 

23.2;  33.2.1;  36.1.2-36.1.3;  43.1 

12.85 

-0.80 

Table  6 

Mean  CSD  of  p2  individuals  by  phenophases  (n  =  16) 


Date,  1974 

Phenophase 

CSD  in  dm3 

Diff. 

Month 

Day 

6 

21 

21.2.4-23.1;  31.1.1 

1.55 

7 

01 

21.2.4-23.2;  31.3.1;  34.2;  41.1 

2.45 

0.90 

7 

16 

22.4-23.2;  32.3.7;  (35.3.4);  42.1 

2.24* 

-0.21** 

7 

26 

22.6-23.2;  33.1.1.2;  (36.1.1);  42.2 

0.98 

-1.26 

*  The  calculated  partial  value  for  thè  second  decade  2.31 

**  The  difference  in  thè  calculated  partial  value  for  thè  second  decade  0.13 


The  codes  of  thè  phenophases:  21.4.2  23.1  =  base  leaves  and  stem  leaves  are  developed; 

31.2  =  The  outer  and  thè  secondary  inflorescence  axes  are  elongated,  their  umbellets  together 

with  thè  avules  are  glomerulous,  thè  margin  of  thè  petals  is  light  green; 

32.3.4  =  The  anthers  have  already  hroken  down  from  thè  flowers,  thè  petals  are  dirty  white, 
thè  disc  is  high,  convex,  light-green.  The  length  of  thè  style  and  thè  stigma  is  1.5  mm; 
both  stigmata  have  risen  above  thè  petals;  thè  bicarpellum  is  1.5  mm  long  and  1.5  — 1.7 
mm  wide; 

33.1.3  =  The  fruit  has  reached  its  full  length:  3.5  mm  long  and  3  mm  wide. 

The  fruit  is  ripening  33.2.1  =  its  colour  in  thè  furrows  is  brownish,  on  thè  ribs  yellowish, 
thè  whole  is  of  a  greyish-brown  hue,  thè  two  carpels  separate  from  each  other  when 
slightly  pressed; 

34.2  =  thè  side  umbel  corresponds  to  state  31.2  of  thè  main  umbel; 

35.1  —  35.2  =  In  thè  inflorescence  of  thè  side  umbel,  thè  petals  are  spreading  out,  thè  stamens 

are  extended  upwards,  thè  style  is  as  high  as  thè  petals; 

36.1.1  =  Most  of  thè  petals  have  dropped  from  thè  flowers  of  thè  side  umbels,  thè  styles 

—  if  stili  visible  —  are  of  a  watery  colour,  or  are  drying  off,  thè  length  of  thè  bicar¬ 
pellum  is  2.5  —  3  mm,  its  width  2  mm; 

36.1.3  =  On  thè  side  umbels  thè  fruits  are  developed,  but  stili  greenish  grey; 

41.2  =  The  first  base  leaf  has  dried  off; 

42.1  =  The  three  base  leaves  have  dried  off; 

43.1  =  The  four  stem  leaves  have  dried  off. 


The  maximum  diversity  and  equitability  values  are  noted  both  in  p1 
and  p2  also  in  blooming  time  of  lst  July  (Table  1)  but  in  in  case  pf  p2  thè 
first  and  third  values  are  also  very  near  to  each  other  and  maximum.  Contrary 
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to  p2,  which  shows  very  low  values  because  thè  representatives  are  divided 
only  into  two  categories  (thè  first  and  second),  px  remains  near  thè  same  level 
of  thè  last  measure  time. 

On  thè  basis  of  a  comparison  between  thè  values  of  Tables  5  and  6  it 
can  be  stated  that  thè  individuals  of  samples  px  and  p2 ,  sown  at  identical  times, 
are  at  different  phenophases  during  thè  whole  period  of  growth.  The  more 
developed  specimens  possessed  full  foliage  already  at  thè  initial  phase  of  thè 
experimental  period,  thè  petals  neared  blossoming  on  thè  main  umbel.  On  thè 
specimens  of  samples  p2  thè  main  umbel  has  just  appeared  on  thè  apex  of  thè 
main  axis,  while  thè  uppermost  stem  leaves,  together  with  thè  internodes, 
were  stili  growing.  The  differences  appear  beyond  thè  deviations  in  phenophas¬ 
es,  in  thè  strong  ( p j)  or  poor  development  (p2)  of  thè  side-shoots,  and  in  most 
cases,  even  in  thè  lack  of  thè  side-shoots  with  regard  to  p2  (see  thè  pheno- 
metric  signs  and  their  code  in  parenthesis  in  Table  5).  The  side-shoots  of  thè 
individuals  in  pl  overgrow  thè  main  umbel,  and  also  thè  fruits  develop  on  them. 
On  thè  individuals  of  p2 ,  thè  side-shoots  dry  off  early,  or  if  they  persist,  they 
finish  their  growth  on  thè  level  of  thè  main  umbel,  they  are  short,  their  expan- 
sion  is  small,  their  number  two  at  most.  According  to  these  observations,  in 
Pimpinella  anisum  thè  quality  of  thè  side-shoots  determines  thè  CSD  to  a  great 
extent. 

A  common  characteristic  of  both  samples  is  that  there  is  a  maximum 
value  in  their  CSD  (Tables  5  and  6),  which  occurs  when  thè  base  leaves  stili 
—  at  least  partly  —  exist,  thè  main  umbel  is  at  blossoming  and  at  thè  same 
time  thè  side  umbels  are  already  considerably  developed.  At  thè  time  of  thè 
CSD  maximum,  thè  plant  possesses  its  largest  surface  of  assimilation  and,  as 
a  result  of  transpiration  and  respiration  as  well  (cf.  SzujkÓ-Lacza — Szòcs  — 
Hornok,  l.c).  This  fact  involves  an  increase  in  thè  demands  which  thè  plant 
raises  in  relation  to  its  environment,  in  accordance  with  its  daily  endogenous 
rhythm  and  speed,  certain  elements  of  thè  environment  are  built  in  by  thè 
plant. 

The  decrease  after  thè  maximum  of  thè  CSD  is  a  consequence  of  thè 
disorganization  of  thè  base  leaves,  and  of  their  eventual  drying  off.  The 
chlorotic  phenomenon  of  thè  leaves  starts  already  before  thè  complete  drying 
off,  therefore  they  are  inactive  as  regards  assimilation. 

With  thè  drying  off  of  thè  base  leaves,  thè  truncate  cone  shape  expresses 
thè  CSD  changes  strongly,  silice  thè  value  of  d  represents  thè  width  of  thè  first 
internode  only. 

At  thè  next  measurement  this  value  stili  increased  a  little,  owing  to  thè 
tliickening  of  thè  internode,  then  this  was  followed  by  a  drying  off  process 
which  influenced  thè  width  of  thè  first  internode  as  well  (cf.  Table  1).  In  sample 
px,  after  thè  maximum,  thè  CSD  decreased  gradually,  while  in  p2,  during  thè 
last  10  days  that  had  passed  between  thè  third  and  fourth  measurements, 
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it  decreased  abruptly.  This  may  partly  be  in  connection  with  thè  circumstance 
that  during  these  10  days  thè  daily  mean  and  maximum  temperature  values 
were  also  high. 

Nedler  and  his  co-workers  (cf.  O’svath  1964)  were  thè  first  to  study  thè 
non-additive  reversible  and  irreversible  effects  in  growth  under  varying  con- 
ditions.  It  seems  that  by  measuring  thè  CSD  parameters  at  thè  time  of  thè 
fourth  measurement,  an  irreversible  cnvironmental  effect  complex,  negatively 
influencing  thè  trend  and  rate  of  growth  in  thè  plant,  became  enumerable. 
As  a  result  of  this  effect,  thè  equifinality  which  was  stili  expectable  earlier 
did  not  ensue  on  thè  individuate  of  p2.  According  to  Nedler,  in  such  cases 
under  too  rough  effects  —  obstacles  —  regeneration  is  impossible,  thè  state 
of  irreversibility  arises  (cf.  O’svath  l.c.).*To  sum  up:  The  individuate  of  Pim¬ 
pinella  anisum  possess  a  current  space  demand  li  iked  with  their  developmetal 
stages  and  phenophases,  this  is  measurable  and  undergoes  changes  depending 
partly  on  thè  state  of  development  of  thè  plant  and  partly  on  thè  external 
conditions. 

The  CSD  maximum  is  reached  by  px  at  thè  phenophases  characterizable 
by  thè  decimai  numbers  21.4.2  —  23.2;  32.3.4;  35.1 — 35.3.2;  41.2;  while  in 
thè  case  of  p2  by  21.2.4—23.2;  31.3.1;  34.2;  41.1.  The  maximum  is  preceded 
by  thè  graduai  decay  of  certain  base  leaves  which  are  thè  oldest  and  at  thè 
same  time  thè  nearest  to  thè  surface  of  thè  ground. 

The  maximum  space  demand  may  be  different  even  in  plots  of  identical 
sowing  time,  and  thè  difference  may  became  stabilized  ateo  by  thè  circum¬ 
stance  that  thè  external  conditions  preclude  equifinaly  to  ensue.  According  to 
Tables  4  and  5,  in  anise  samples  p}  and  p2  grown  under  changing  conditions, 
thè  NEDLER-type  equifinality  did  not  ensue  in  thè  characteristics  examined, 
which  is  attributable  to  thè  circumstance  that  in  thè  plants  of  different  pheno¬ 
phases  unfavourable  effects  (presumably  thè  too  high  temperature  and  its 
indirect  effects)  influenced  architectural  elements  extant  in  various  physiologi- 
cal  States.  This  explains  why  thè  damage  to  p2  individuate  was  stronger  than  that 
incurred  by  px  ones. 

Remark:  On  thè  basis  of  thè  results,  thè  preliminary  estimation  of  thè 
CSD  in  cultures  is  recommendable  ateo  for  thè  selection  of  thè  phenophase 
to  yield  maximum  production  or  maximum  productivity.  By  taking  thè  CSD 
into  consideration  in  this  way,  thè  realization  of  thè  nearly  complete  potential 
of  thè  species  is  expectable  if  ateo  thè  initial  and  external  conditions  are 
favourable. 

*  Mention  should  be  made  here  of  thè  errors  affecting  thè  results.  Here  belong  thè  errors 
occuring  in  sampling,  in  categorizing  thè  individuals  into  pì  and  p2;  thè  possible  injuries  to 
thè  individuals  measured  during  thè  experirnental  period,  and  also  thè  small-scale  inaccuracies 
of  thè  measurements.  Besides,  it  should  be  taken  in  consideration  that,  following  from  thè  archi- 
tecture  of  thè  plant,  thè  space  thus  calculated  is  not  densely  filled  in  by  thè  specimens,  because 
thè  side  shoots  of  thè  neighbouring  individuals  may  invade  those  of  thè  others. 
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B.  Fruit  weight  examinations 

According  to  thè  result  of  thè  analysis  of  variance,  thè  weight  of  thè 
fruit  developed  on  thè  main  umbel  differs  from  thè  fruit  weights  of  thè  side 
shoots  originating  from  nodes  5,  6,  7  and  8.  (The  side  umbels  originating  from 


Table  7 


The  fruit  weight  variability  of  Pimpinella  anisum  L.,  on  thè  basis  of  30  fresh  fruit  iveights  of  each 
of  thè  main  umbels  and  side  umbels  of  5  px  individuals 


Treatment 
node  of  thè 
shoot 

Node 

Repetition 

1 

2 

3 

4 

5 

X 

1 

Main  umbel 

.2450 

.3152 

.2953 

.2857 

.2853 

.2850 

2 

5 

.2299 

.2306 

.2149 

.1239 

.2219 

.2040 

3 

6 

.1551 

.1831 

.2250 

.1569 

.2747 

.1970 

4 

7 

.2651 

.1356 

.1956 

.1628 

.2513 

.2020 

5 

8 

.2157 

.2655 

.1954 

.1628 

.2060 

.2090 

6 

9 

.2351 

.2500 

.2655 

.2147 

.2629 

.2460 

Table  8 


Analysis  of  variance  of  thè  results 


Factor 

SQ 

FG 

MQ 

F  =  .0035 

Treatment-node  of  thè  shoot 

.0303 

5 

.0061 

Error-remainder 

.0401 

24 

.0017 

Total 

.0704 

29 

Table  9 


Mean  values  of  thè  fruit  iveights  (in  diagonal),  their  differences  (in  thè  right  upper  matrix), 

and  thè  significance  levels 


Treatment 

ì 

2 

3 

4 

5 

6 

1 

.285 

.081 

.088 

.083 

.076 

.039 

2 

** 

.204 

.007 

.002 

.005 

.042 

3 

** 

.197 

.005 

.012 

.049 

4 

** 

.202 

.007 

.044 

5 

** 

.209 

.037 

6 

.246 

**p<  i% 
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nodes  3  and  4  were  not  intact  in  every  specimen,  therefore  they  were  omitted 
from  thè  analysis.) 

However,  thè  average  weight  of  thè  fruits  developed  on  thè  side  umbels, 
independently  of  their  node  number,  do  not  significantly  differ  from  one  another 
The  weight  values  of  thè  fruits  in  thè  side  umbels  originating  at  node  9  are 
fairly  near  to  one  another.  Regarding  their  localization,  these  side  umbels  are 
nearest  to  thè  main  umbel  (in  certain  specimens  they  origin  at  a  common  node). 

According  to  our  anatomical  observations,  most  of  thè  fruits  which  devel¬ 
oped  on  thè  first-order  side  shoots  containing  thè  embryo  and  thè  endosperm 
storing  thè  secondary  nutrient  materials.  It  is  probable  tliat  thè  difference 
between  thè  main  umbel  and  tlie  side  umbels  derives  from  thè  quantity  of 
their  endosperm. 

On  tlie  basis  of  thè  results  it  is  presumable  that  thè  difference  between 
pì  and  p2  might  be  related  already  at  thè  period  of  germination  also  to  thè 
fruit  weight  differences  originating  from  thè  architecture  of  last  year  specimens 
with  mature  fruits.  This,  in  turn,involves  that  there  are  quantitative  differences 
in  thè  utilizatile  reserve  nutrient  materials  at  thè  stage  of  germination  and 
that  of  thè  heterotrophic  nutrition. 

To  this  initial  situation,  thè  consequences  of  further  unfavourable 
external  conditions  may  accrue  (see  thè  developmental  deviations  among 
thè  individuai),  as  a  result  of  which  thè  differences  become  “stabilized”. 
Therefore,  Kuroiwa’s  statement  (1.  c.)  is  justifiable,  it  is,  however,  to  be  com- 
pleted  in  that  thè  intraspecific  competition  among  thè  developing  or  developed 
individuai  is  itself  already  a  consequence.  On  thè  other  hand,  among  favour- 
able  external  conditions  equifinality  may  ensue,  in  which  case  thè  intraspecific 
competition  within  thè  population  does  not  cause  heterogeneity  to  a  remarkable 
(that  is  significant)  extent.  (In  naturai  stands  thè  distance  between  thè  seeds 
lying  on  thè  ground  is  different;  there  thè  excessive  proximity  among  thè  seed- 
lings  may  increase  competition  to  actual  selection.) 

The  results  of  Briggs — Kidd — West  (1.  c.),  of  Kuroiwa  (1.  c.),  and  my 
own  results,  underline  (from  thè  point  of  view  of  breeding)  thè  importance 
of  thè  reserve  nutrient  quantity  accumulated  in  thè  endosperm  and  of  thè 
seed  (fruit)  selection  according  to  weight. 

With  respect  to  thè  anise  it  can  be  stated  finally,  that  thè  variability 
of  thè  individuai  sown  at  identical  times  —  indicated  in  CSD,  and  thè  dif¬ 
ferences  detectable  separately  in  other  characteristics  measured  concurrently  — 
might  be  related  with  thè  initial  fruit  weight  differences  as  well.  And  this 
latter  depends  on  thè  localization  of  thè  fruits. 
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A.  Love  and  D.  Love:  Cytotaxonomical  Atlas  of  thè  Arctic  Flora,  Yaduz,  Cramer  Verlag,  1975, 

598  pp. 

I  reviewed  thè  ‘Cytotaxonomical  Atlas  of  Slovenia’  by  thè  Lòves  in  Acta  Bot.  Acad. 
Se.  Hung.  21:  452  —  453  (where  122  is  a  printing  error  for  1242  pp.).  The  structure  and  aim  of 
thè  new  hook  is  similar,  therefore,  I  refer  to  thè  former  review.  The  area  included  in  thè  Atlas 
is  many  times  greater:  Iceland,  thè  Arctic  Ocean  coast  of  Europe,  Arctic  Northern- Asia  and 
North  America,  Greenland.  The  flora  is  however  much  poorer,  thus  thè  work  also  discusses 
only  fewer  species.  These,  on  thè  other  hand,  are  endemie  partly  in  our  country  as  well  (many 
monocotyledons),  therefore  thè  data  are  interesting  also  for  us.  The  taxonomical  and  nomen- 
clative  elaboration  is  thè  most  up  to  date,  thè  only  thing  is  that  thè  authors  go  too  far,  now 
even  more,  in  thè  hreaking  down  of  thè  genera.  The  Pseudorchis  is  correctly  Leucorchis  all  thè 
same,  because  it  is  nom.  illegit.  The  lay-out  of  thè  book  is  perfect. 

R.  Soó 


Czerepanow,  S.  K.  Additamenta  et  corrigenda  ad  “Floram  URSS”  (tomi  I  — XXX).  —  Lenin- 
grad  1973,  668  pp. 

The  large  Soviet  Flora  work  was  closed  with  Volume  30  in  1964;  in  thè  same  year  a 
register  volume  was  published  (for  review  cf.  Bot.  Kozlem.  52,  pp.  179—180). 

The  volume  on  Soviet  Flora  discusses  17520  species,  however,  by  using  a  rather  narrow 
species  conception;  thè  so-called  KoMAROV-type  species  in  a  Western  interpretation  qualify 
partly  as  subspecies  or  microspecies.  Czerepanow’s  introduction,  which  is  given  in  Russian 
and  English,  furnishes  thè  information  that  on  thè  basis  of  thè  newer  researches  1080  species 
have  been  placed  in  a  category  of  lower  systematic  value,  while  1290  ‘species’  have  been  placed 
into  synonyms,  and  about  520  species  have  been  placed  back.  Thus,  at  thè  closing  of  his 
work,  thè  author  estimates  thè  species  number  of  thè  plants  of  higher  order  of  thè  Soviet  Union 
as  21,000.  The  name  of  more  than  1030  species  has  been  changed,  while  thè  name  of  7180 
taxa  has  been  corrected.  It  can  already  be  seen  by  means  of  these  few  numerical  data  how 
important  this  work  is  not  only  with  regard  to  thè  Soviet  flora  but  also  as  far  as  its  Hungarian 
implications  are  concerned. 

The  discussion  of  thè  taxa  (going  down  to  subspecies)  is  arranged  according  to  thè 
alphabetical  order  of  thè  families;  thè  valid  new  names  are  emphasized  by  bold  type-faces; 
but  very  many  new  combinations  and  synonyms  are  also  included.  In  thè  case  of  thè  taxa 
which  are  discussed  often,  thè  complete  synonyms  are  compiled  and  an  ampie  literature  is 
also  provided.  According  to  thè  enumeration  of  thè  main  sources  on  pp.  20  —  23,  from  thè 
Hungarian  literature  thè  handbooks  of  Acta  Bot.  Acad.  Scient.  Hung.  (up  to  1970  as  in  in  gener¬ 
ai  thè  periodicals)  of  Soó  —  Jàvorka  (1951);  and  of  Soó  (1964  —  70)  were  used,  and  also  Soó’s 
series  entitled  Species  et  combinationes  novae  (1  —  8),  but  as  it  turns  out  of  thè  text,  other 
Hungarian  papers  were  also  taken  into  consideration,  and  their  inferences  were  overwhelmingly 
accepted.  In  thè  Supplement  even  such  a  questionable  name  is  accepted  as  thè  Lilium  martagon 
L.  subsp.  sooianum  Priszter  1967.  Our  ash,  which  was  mistakenly  united  with  with  Fraxinus 
oxy carpa  in  thè  Flora  Europaea,  is  now  correctly  named  as  F.  angustifolia  subsp.  pannonica 
Soó  et  Simon.  We  cannot  go  into  further  details,  and  on  thè  other  hand  we  cannot  complain 
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about  that  thè  data  of  thè  Carpathian  Ukraine,  hidden  in  thè  Hungarian  and  Czechoslovakian 
literature,  are  partly  missing,  while  from  my  Ranunculus  auricomus  agamospecies  (Soó  1965  — 
1965)  even  siich  as  originate  from  other  places  are  included.  The  elaboration  of  thè  genus 
Rhinanthus  in  thè  Flora  of  thè  SSSR  is  corrected  also  on  thè  hasis  of  my  paper  from  1970. 

I  must  admit,  it  satisfies  me  that  thè  author—  like  thè  authors  of  thè  new  Flora  Evro- 
peiskoi  tchasti  USSR  (of  which  so  far  Voi.  J,  404  pp.,  Pteridophyta ,  Gymnospermae ,  Poales, 
1974;  and  Voi.  II,  X  -J-  236  pp.,  Orchidales ,  Juncales ,  Cyperales  1976  have  been  puhlished; 
editor-in-chief  A.  Fedorov)  — is  in  opposition  to  thè  trend,  represented  today  especially  by 
Bobrov,  which  sticks  to  thè  KoMAROV-type  species  conception.  Komarov  and  his  school 
accepted  only  thè  monotype  species  as  an  indivisible,  homogeneous  taxon  (this  definition  is 
proper  only  with  reference  to  thè  genetical  biotype).  As  a  consequence,  thè  authors  of  thè  Flora 
of  thè  USSR  did  not  include  thè  infraspecific  taxa,  several  subspecies,  ecotypes,  and  they  even 
discussed  hardly  different  forms  as  species.  In  this  field,  especially  thè  authors  of  thè  Ukrainian 
flora  went  too  far;  no  wonder  that  in  thè  Flora  Europaea,  and  also  in  my  Synopsis  a  consider- 
able  part  of  these  “species”  is  classified  as  a  synonym  (as  against  Bobrov  cf.  thè  analyses 
of  Skortozov,  1972).  The  aforementioned  new  European  Soviet  Flora  represents  thè  modern 
taxonomical  conception  in  this  field.  (In  that,  Smolyaninova  discusses  thè  Orchidaceae  entirely 
on  thè  basis  of  my  paper  of  1969,  surveying  thè  orchideae  of  thè  Soviet  Union;  Ann.  Univ. 
Budapest,  Sect.  Biol.  77,  pp.  53  —  74,  1969). 

The  flaw  of  thè  work  is  that  occasionally  taxa  which  belong  to  thè  same  genus  can  be 
found  classified  to  another  genus  and  vice  versa. 

It  is  a  pleasure  for  us  to  acknowledge  that  our  Soviet  colleagues  satisfactorily  take  thè 
works  of  Hungarian  authors  into  consideration  and  at  thè  same  time  we  point  out  how  important 
thè  above  works  are  for  us. 

R.  Soó 


Tuxen,  R.  et  collab.  Bibliographia  Phytosociologica  Syntaxonomica.  Lief.  19  28.  Verlag 

J.  Cramer  (Lehre,  z.Z.  Vaduz) 

In  dieser  Zeitschrift  habe  ich  einmal  ganz  kurz  (Acta  Bot.  Acad.  Scient.  Hung.  17  :  464), 
eininal  ausfiihrlicher  (20  :  207  -211)  1974  die  grolle  Unternehmung  von  Tuxen,  die  syntaxo- 
nomische  Bibliographie,  in  englisher  Sprache,  besprochen.  Wesentlich  gilt  alles,  was  ich  friiher 
schrieb,  auch  heute.  Vernachlassigung  der  Literatur  Osteuropas,  viele  Fehler  in  Einteilung  der 
einzelnen  Assoziationen  in  die  verschiedene  Klassen.  ungenaue  Zitate  (dafiir  habe  ich  nur 
aus  5  Lieferungen  eine  lange  Reihe  aufgefiihrt,  1.  c.  209  — 21 0)  sind  leider  auch  in  den  neueren 
Teilen  zu  finden.  Dagegen  ist  aber  das  ganze  Werk  wirklich  monumentai  und  unentbehrlich. 
Fiir  Ungarn  und  seine  Nachbarlànder  sind  unter  den  neuen  Lieferungen  besonders  jene  von 
groBer  Bcdeutung,  die  gewisse  Klassen  und  Gesellschaften  der  Ruderalpflanzen  ( Artemisietea , 
Onopordetea,  Plantagineetea ).  die  Gebiische  (Rhamno-  Prunetea  zu  weit  gefasst,  die  Karstbusch- 
wàlder:  Orno-Cotinetalia  gehoren  bestimmt  nicht  dazu).  die  Weichholzauen  ( Salicetea )  und 
die  Moorwàlder  ( Alnetea )  behandeln.  Oft  wurden  manche,  von  ungarischen  Autoren  beschrie- 
benen  Einheiten  fremden  Verfassern  zuerkannt.  (z.  B.  Glycyrrhizetum  echinatael).  Vollstandiger 
Unsinn  ist  es,  einen  Teil  unserer  Sumpf-  (»Agrostion  albae« )  und  Salzwiesen  (»Juncion  gerardii , 
Beckmanniom)  in  die  nitrophilen  Ruderalgesellschaften  der  Plantaginetea  einzureihen.  Tuxen 
hat  vollstàndig  Recht,  wenn  er  (als  Erwiderung  der  Kritiken)  ini  Vorwort  der  25.  Lieferung 
schreibt:  Demnoch  glauben  wir,  daB  das  Ganze  eine  niitzliche  Grundlage  fiir  alle  Bearbeiter 
der  angefuhrten  Gesellschaften  bildet. 

Die  neueren  Lieferungen  (1973  1976):  19.  Isoeto-ISanojuncetea ,  20.  Nardo-Callunetea , 

21.  Artemisietea  vulgaris ,  22.  Onopordetea  acanthii ,  23.  Rhamno- Prunetea,  24.  Trifolio-Geranietea , 
25.  Salicetea  purpureae ,  26.  Alnetea  glutinosae ,  27.  Polygono- Poetea  annuae ,  28.  Plantaginetea 
mioris ,  Agropyretea. 

R.  Soó 


JÀ vorrà,  S.,  Csapody,  V.:  Iconographia  florae  partis  austro-orientalis  Europae  centralis 
(Iconography  of  thè  flora  from  thè  South-eastern  part  of  Central  Europe);  40  coloured  plates 
and  576  pages  with  4090  drawings.  Akadémiai  Kiadó,  Budapest  1975,  $85.— 

Akadéiniai  Kiadó  has  rendered  botany  a  Service  of  paramount  importance  when  —  ful- 
filling  a  demand  of  many  decades  —  it  re-issued  thè  magnificent  work  entitled  Iconographia 
Florae  Hungaricae  by  S.  Jàvorka  and  V.  Csapody.  The  originai  volume  was  published  in 
leaflets,  between  1929  and  1934,  as  a  joint  publication  of  thè  Hungarian  Naturai  Science  Society 
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and  thè  “Studium”  Publishing  Corp.  —  The  originai  edition  can  be  considered  as  thè  illustrated 
volume  of  Sàndor  Jàvorka’s  work  of  thè  Hungarian  Flora  (Flora  Hungarica,  1924  —  1925). 
While  thè  Iconographia  was  being  published,  Sandor  Jàvorka  (1883  —  1961)  was  section  head, 
later  thè  director,  of  thè  Botanical  Department  of  thè  Hungarian  National  Museum.  The 
large  number  of  drawings  and  paintings  are  thè  work  of  Vera  Csapody,  second  to  none  in 
this  artistic  and  botanical  achievement,  and  she  produced  thè  drawn-to-life  pictures  under 
Jàvorka’s  guidance.  (Carefully  selected  exeinplars  deposited  in  thè  very  rich  herbarium  of 
thè  Botanical  Department  of  tlie  Hungarian  Naturai  History  Museum  were  used  as  models 
for  thè  drawings  and  paintings.)  Most  of  thè  drawings  depict  plants  in  their  naturai  size;  re- 
duction  of  thè  colour  paintings  is  2/3. 

It  was  incumbent  on  thè  two  co-workers  of  thè  new  edition,  dr  Rezso  Soó,  academician, 
and  dr  Szaniszló  Priszter,  botany  garden  director,  to  carry  out  on  thè  one  hand  thè  necessary 
alterations  in  nomenclature  —  arising  during  thè  more  than  four  decades  which  elapsed  since 
thè  first  edition  —  and  to  provide  taxonomical  supplementations  (this  part  was  R.  Soó’s 
contribution,  who  also  wrote  thè  foreword),  and  on  thè  other  hand  to  compile  a  glossary  for 
thè  English-speaking  reader,  to  arrange  thè  indexes,  and  to  give  an  explicative  summary 
(this  part  was  Sz.  Priszter’s  contribution,  also  thè  editor  of  thè  new  edition).  All  these  are 
given  on  73  pages  at  thè  beginning  of  thè  hook.  In  connection  with  thè  taxonomical  and  nomen- 
clatural  corrections,  thè  invalid  and  thè  incorrect  names  (species  and  infraspecific  taxa) 
are  collected  in  a  long  list  (24  pages),  under  thè  currently  valid  names.  Since  in  thè  originai 
Iconographia,  which  had  at  that  time  been  issued  for  four  and  a  half  years,  several  new  combi- 
nations  were  published,  thè  detection  of  thè  date  of  publication  with  respect  to  thè  various 
leaflets  was  most  important;  thè  collation  of  these  bibliographical  data  was  also  Sz.  Pkiszter’s 
work.  The  voluminous  trilingual  (Hungarian-Latin-English)  dictionary  of  thè  technical  terms 
and  thè  list  of  geographical  names  are  of  great  practical  use  in  thè  introductory  part,  which 
closes  with  a  survey  of  thè  plant  families  and  their  index. 

The  illustrations  of  thè  new  edition  were  taken  from  Vera  Csapody’s  originai  water- 
colours  and  washdrawings  (which  survived  World  War  II,  and  which  were  used  in  thè  first 
edition).  On  thè  plates  of  drawings,  in  comparison  with  thè  originai,  only  small  technical 
corrections  have  been  carried  out. 

Although  in  thè  last  three  decades  there  were  published  several  fiorai  works  containing 
plant  illustrations  from  thè  neighbouring  regions,  no  other  atlases  with  a  claim  to  completion 
with  regard  to  thè  Pannonian,  Illyric  and  Croatian-Mediterranean  flora  are  avaibale  even  today 
than  thè  Iconographia  by  Jàvorka  and  Csapody.  This  volume  is  therefore  an  important  source 
work  for  both  horne  and  foreign  botanists.  Its  practicability  has  been  greatly  increased  by  thè 
modernization  accomplished  with  respect  to  taxonoiny  and  nomenclature. 

Thanks  are  due  to  thè  Akadémiai  Kiadó  for  this  noble  enterprise.  The  reputation  of 
thè  Akadémiai  Nyomda  will  be  raised  by  both  thè  technically  and  aesthetically  perfect  layout 
of  this  master  work. 

G.  Fekete 


Szabó,  T.  E.  A.:  Szerkezetek  és  rendszerek  a  nòvényvilagban  (Structures  and  systems  in  thè 
world  of  plants).  “Kriterion”  Kònyvkiadó,  Bucliarest  1975,  203  pp.  (5.25  lei) 

This  volume  of  pocket-book  form,  with  17  very  illustrative  drawings,  10  plates  of  various 
tables  and  with  several  surveys  presenting  certain  interconnections,  has  been  published  as 
thè  recent  issue  of  thè  series  entitled  “Korunk  Kònyvek”  (Books  of  our  Age),  launched  in 
Bucliarest  in  1972.  The  editors  of  thè  series,  Adam  Dankanits,  Gusztàv  Molnàr,  T.  E.  Attila 
Szabó,  and  Tibor  Tòro,  started  their  work  with  thè  aim  of  achieving,  book  by  book  thè  promo¬ 
tion  of  a  continuai  deepening  of  thè  intercourse  between  man  and  Science,  thè  approach  and 
understanding  of  new  phenomena,  notions  and  recognitions  which  arise  at  an  ever-increasing 
tempo.  In  a  like  manner,  they  should  facilitate  thè  comprehension  of  thè  basically  important 
interconnections;  in  addition  thè  books  should  give  evidence  on  thè  tasks  confronting  thè  views 
of  thè  man  of  future,  as  well  as  on  “thè  biological,  social  and  economie  conditions  of  thè 
intellectual  and  physical  development  of  man,  and  they  should  deal  with  thè  furnishing  of 
information  and  of  culture,  and  with  thè  communal,  moral  and  professional  responsibility  of 
scientific  research.” 

In  thè  explanatory  note  on  thè  backcover  of  thè  booklet,  thè  author  States  that  “it 
emphasizes  thè  claim  of  establishing  a  unified  botanical  attitude  which  preserves  thè  values 
of  thè  past  but  also  looks  towards  thè  future;  in  order  to  present  thè  inter  relationship  between 
man  and  plant  —  which  in  certain  cases  have  assumed  vital  importance  in  a  strict  sense  of  thè 
word  —  thè  drawing  of  a  parallel  between  traditional  and  new  attitudes  of  systematization 
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has  been  used  as  framework.”  Tliis  indeed  is  apparent  from  thè  whole  treatment  of  thè  subject. 
However,  something  else  must  also  be  emphasized  which  is  not  revealed  even  by  thè  title 
of  thè  hook,  but  stressed  in  thè  introduction  and  given  application  in  thè  following  chapters 
in  several  places  namely  wherever  it  is  possible  “to  make  perceptible”  thè  unity  of  structure 
and  operation  spanning  over  thè  organizational  phases.  In  addition  to  thè  endeavour  of  reach- 
ing  a  modern  attitude  and  throwing  light  on  thè  interconnections,  thè  value  of  thè  work  is 
undoubtedly  increased  by  thè  fact  that  not  only  are  there  several  theoretical  examples  but 
also  practical  data  originating  from  recent  years,  which  shedlight  to  a  satisfactory  extent  on 
thè  interrelationships  between  man  and  plant  and  at  thè  same  time  not  only  comply  with  thè 
demand  of  thè  wider  interest  and  curiosity  of  thè  reader  but  also  increases  them. 

The  book  is  composed  of  an  Introduction  and  of  six  chapters;  within  thè  chapters 
there  are  sections  and  sub-sections  with  decimai  numbers  of  first  and  second  orders.  Each 
chapter  is  introduced  with  a  motto  taken  over  from  various  noted  scholars. 

Chapter  1  bears  thè  title  of  Man  and  Plant  and  after  a  historical  retrospect  and  a  chrono- 
logical  table  supplementing  it  (embracing  thè  period  from  thè  5th  millenary  b.o.e.  to  1969) 
there  are  treated,  in  a  separate  sub-section,  thè  interrelations,  regularities  and  developmental 
trends  preavailing  in  thè  biosphere,  and  thè  researches  into  these  as  well  as  thè  practical 
applications  of  thè  research  data. 

Chapter  2,  entitled  Structure  and  Operation ,  treats  in  a  completely  new  conception: 
thè  so-called  system-centred  approach  —  independently  of  thè  idea  and  category  classification 
of  thè  classical,  static  systematization  of  formai  character  —  thè  question  of  dynamic  system¬ 
atization,  structure  and  operation,  emphasis  being  given  to  thè  realization  of  metaholism,  in- 
formation  supply  and  energy  turnover.  Within  thè  sub-section  entitled  “The  System  of  thè 
celi”  thè  book  deals  with  thè  molecular  systems  of  thè  celi,  and  on  an  electron-microscopie 
level  with  thè  System  of  celi  organs,  while,  on  thè  other  hand.  within  thè  sub-section  “Celi 
systems,  tissues,  organs”,  with  thè  formation,  forni  maintenancc,  nutrient  uptake,  assimilation 
and  dissimilation  as  well  as  with  secondary  plant  substances.  The  following  sub-section  has 
practical  implications  (for  example,  our  naturai  springs,  organic  matter  production  of  thè  phyto- 
sphere,  cultivated  plants,  controlled  agricultural  organic  matter  production). 

Chapter  3,  “ Preservation  and  Development ”,  consists  of  two  sub-sections.  One  of  them 
discusses  information  carriers  (nucleic  acids,  genes,  chromosomes)  and  inforination  flow 
(changes  in  information,  macro-  and  microevolution).  The  other  sub-section  discusses  thè 
practical  aspects  of  thè  former,  as  thè  questions  of  cultivation  gene-stock,  gene-reserves  and 
gene-bank. 

Chapter  4  analyses  thè  subject  of  “Classification  \  mentioning  thè  importance  of  per- 
spectives  in  thè  method  of  electronic  data  processing.  It  also  touches  upon  thè  historical  changes 
and  development  in  aims  and  methods,  thè  successive  Solutions,  thè  traditional  species  con- 
cept,  thè  expanding  of  thè  species  concept,  thè  modern  interpretation  of  thè  plant  individuai, 
and  finally  on  thè  role  of  systematization  satisfying  practical  demands. 

Chapter  5  discusses  “ The  Interrelations  of  Species ”  and  refers  to  thè  contact  (for  example 
parasitic)  and  transbiotic  interrelations,  to  thè  allelopatic  effects,  and  finally  to  thè  interrela- 
tion-system  manifesting  itself  increasingly  more  forcefully  in  thè  biosphere.  In  thè  remainder  of 
thè  sub-sections  we  can  read  about  interesting  and  originai  analyses,  in  thè  species,  in  thè  plant 
association,  plant  community  and  environment.  The  classification  of  plant  associations, 
production,  succession  and  practical  aspects. 

Chapter  6,  “On  thè  analysis  of  thè  System” ,  provides  information  in  very  clear  wording 
on  historical  aspects,  on  thè  interpretation  of  thè  System  theory,  on  thè  methods  of  System 
analysis,  on  thè  changes  in  status  occuring  in  thè  System,  on  data  processing,  on  thè  introduc¬ 
tion  of  computer  techniques,  on  its  possibilities  of  their  advantegous  application,  on  program- 
ming  and  finally  on  thè  practical  implications.  This  well-constructed  chapter,  einphasizing 
essentials,  convinces  us  —  to  quote  thè  words  of  thè  author  —  that  thè  main  trend  of  develop¬ 
ment  in  System  analysis  is  indicated  by  thè  methods  developed  by  thè  use  of  computers, 
methods  which  necessitate  beyond  thè  learning  of  a  new  method  also  thè  acquisition  of  a  new 
way  of  thinking. 

The  chapters  here  reviewed  are  well  supplemented  with  some  appendix-like  compila- 
tions,  as,  for  example,  thè  index  of  names,  of  Latin  plant  names,  of  Hungarian  plant  names, 
thè  subject  index,  thè  list  of  figures  and  of  tables,  and  of  thè  26  textbooks  and  special  books 
published  during  thè  last  8  years,  and  finally,  thè  easily  surveyable  table  of  contents. 

We  can  recommend  this  up-to-date  work,  containing  stimulating  analyses,  rich  in 
theoretical  and  practical  information,  and  of  an  attitude  indicating  development,  to  every 
botanist  and  to  every  other  specialist  interested  in  thè  subject,  to  young  and  old  teachers 
of  botany,  and  to  university  students. 

S.  Sàrkàny 
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Lorin  W.  Roberts:  Cytodifferentiation  in  plants  xylogenesis  as  a  model  System.  Cambridge 
University  Press,  Cambridge  — London  — New  York  — Melbourne.  1976,  160  pp. 

The  author  of  this  study  presents  a  rewiev  of  thè  results  achieved  in  tissue  cultures,  one 
of  thè  most  exciting  fields  of  experimental  biology  today.  Almost  independently  of  thè  starting 
material,  thè  most  remarkable  in  plant  tissue  cultures  is  thè  formation  of  thè  xylem  elements. 
The  sub-title  indicates  this. 

The  study  is  not  concerned  with  thè  systematically  ordered  investigations  between 
tissue  cultures  (e.g.  thè  biologically  more  or  less  determining  systems)  or  species,  but  with 
thè  effects  of  thè  various  hormones  inducing  growth  and  cytodifferentiation,  or,  for  example, 
thè  effects  and  results  of  Chemicals  inhibiting  thè  activities  of  these  hormones,  with  thè  con¬ 
nection  between  nutrients  and  environmental  factors  and  so  on. 

Auxin,  cytokinin,  gibberellins,  ethylene,  adenesin  3\5’-cyclic  monophosphate  are  plant 
hormones  applied  most  frequently  as  agents  to  induce  growth  and  differentiation  in  thè  culture. 
The  study  reviews  in  detail  thè  results  obtained  so  far  in  either  separate  or  collective  or 
sequential  application  of  these  hormones.  The  author  also  contributed  to  this  chapter  as  a 
research  worker,  with  her  own  investigations. 

One  of  thè  most  interesting  chapters  treats  thè  question  of  thè  various  States  of  celi 
cycle,  by  dividing  them  into  four  stages  —  (i)  before  DNA  synthesis,  (ii)  during  DNA  synthesis, 
(iii)  before  mythosis,  (iv)  during  mythosis  —  and  pays,  among  others,  special  attention  to 
endopolyploidy. 

According  to  thè  author,  only  relatively  few  experiments  can  be  evaluated,  owing 
to  technical  and  interpretative  difficulties  from  thè  viewpoint  of  thè  effects  of  environment 
on  tissue  cultures.  Nevertheless,  thè  existing  results  point  out  thè  regulating  role,  to  diverse 
extents  of  thè  effects  of  water,  water-pressure,  temperature  minimum  and  maximum,  02, 
C02,  light,  ozone,  as  well  as  that  of  electromagnetic  and  mechanical  effects  on  thè  differentia¬ 
tion  of  thè  several  tissue  elements  or  indeed  on  that  of  whole  organs. 

In  Chapter  10,  an  epilogue  according  to  thè  author,  a  summary  of  results  unconnected 
with  (or  not  only  with)  thè  differentiation  of  transporting  elements  is  given. 

The  author  gives  thè  synthesis  of  his  own  opinion  or  of  current  problems  in  thè  form 
of  questions  or  meditations  occuring  in  thè  various  chapters,  thereby  indicating,  as  it  were, 
thè  experimental  trends  required. 

The  600  items  of  literature  considered  by  thè  author  provide  a  picture  up  to  1974  of 
thè  most  important  results  of  thè  field  in  thè  English  languages.  As  a  result  of  thè  large  number 
of  thè  literary  data,  locai  repetitions  occur  and  to  a  smaller  extent  also  problems  of  construc- 
tion  arise  in  this  book. 

The  material  of  drawings  and  photographs  as  well  as  thè  typographical  lay-out  are  of 
high  grade. 

The  book  may  be  recommended  for  use  in  thè  fields  of  research  and  teaching. 

J.  Szujkó-Lacza 


I.  M.  SzabÓ:  Microbial  communities  in  a  forest-rendzina  ecosystem,  The  pattern  of  microbial 
communities.  Budapest,  Akadémiai  Kiadó  1974. 

This  stili  young  branch  of  microbiology,  soil  microbiology,  in  Hungary,  is  represented 
by  about  eight  hundred  scientific  works.  In  spite  of  thè  small  number  of  soil  microbiologists,  thè 
past  eight  decades  have  been  an  age  when  thè  “Soil  microbiological  school  of  Sopron”  founded 
by  D.  FehÉr  had  an  international  lead  in  this  field.  One  of  thè  members  of  this  school  is  thè 
author  of  this  book. 

The  results  and  of  course  thè  conclusions  of  twelve  years  of  research  carried  out  and 
supervised  by  thè  author  with  thè  help  of  his  coworkers  Mrs  M.  SzabÓ  and  I.  Buti  and  other 
specialists  of  zoology,  biochemistry,  pedology,  computer  Science  are  contained  in  this  compre- 
hensive  book  of  415  pages. 

The  originai  research  data  are  discussed  in  thè  light  of  thè  international  literature: 
560  references  are  quoted  of  which  10%  were  published  by  Hungarian  scientists  including  thè 
thirty-seven  papers  published  by  thè  author  with  his  coworkers. 

The  results  are  demonstrated  and  well-illustrated  with  58  tables  and  91  excellent  figures. 
There  are  seven  chapters  and  thè  appendix:  List  of  authentic  cultures  is  included  in  thè 
taxonomic  investigations  (about  three  hundred  strains:  actinomycetes  and  bacteria). 

Chapter  L:  The  forest-rendzina  ecosystem.  General  description ,  2.  Micromorphological 
and  microecological  investigation  of  thè  humus  A)  horizon ,  3.  Hydrothermic  conditions  and  micro- 
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bial  growth ,  4.  Composition  and  properties  of  thè  actinomycete  flora ,  5.  The  role  of  thè  larvae 
of  St.  Marks  fly  in  soil  formation  and  their  influence  on  soil  microorgani  sm  s ,  6.  Studies  on  thè 
rhizoplane  microflora  of  black  locust  ( Robinia  pseudoacacia)  seedlings ,  7.  The  pattern  of  microbial 
communities. 

This  monograph  may  be  characterized  generally  as  a  modern  microbiological-ecological 
work  with  special  new  conceptions,  thè  problems  emerging  are  discussed  precisely  and  from 
many  aspects  (as  thè  titles  of  thè  chapters  themselves  indicate). 

The  detailed  and  multilateral  investigations  aimed  at  discovering  thè  fundamental 
pattern  of  community  organization  is  supported  by  a  high-level  taxonomic  analysis,  especially 
on  thè  actinomycetes.  The  methods  used  are  suitable  for  approaching  those  questions  which 
thè  author  aimed,  to  answer.  The  language  and  style  are  good,  thè  text  is  concentrated  but 
clearly  understandable  for  those  readers  also  who  are  less  familiar  with  thè  Englisli  language. 

Undoubtedly,  it  would  have  been  better  to  collect  this  vast  information  synchronously, 
however,  for  this  not  only  a  team  would  have  been  needed  but  a  huge  institute  to  work  on  it. 

With  respect  to  Hungarian  soil  microbiological  research:  this  hook  certainly  provides 
information  for  a  better  knowledge  and  understanding  of  thè  “naturai”  terrestrial  ecosystems, 
on  thè  life  of  thè  forest  soils  and  soils  at  all.  Moreover,  with  thè  generai  concludions  it  promotes 
thè  development  of  microecology.  In  addition,  thè  achievements  of  one  of  thè  sections  of  thè 
present  soil  microbiological  research  in  Hungary  are  summarized. 

It  is  hoped  that  this  work  will  have  thè  same  success  among  scientists  all  over  thè  world 
as  that  of  thè  Master:  (D.  Fehér:  Untersuchungen  uber  die  Mikrobiologie  des  Waldbodens. 
Berlin,  Springer  Verlag,  1933)  in  its  age. 

This  book  could  be  reeommended  for  soil  microbiologists,  microbiologists,  specialists 
in  taxonomy  (actinomycetes),  specialists  primarily  in  thè  terrestrial  ecosystems,  but  in  any 
field  of  ecology,  pedologists  but  also  to  those  working  in  different  fields  of  biology  (e.g.  botanists 
and  zoologists)  forestry  and  agricultural  Sciences  both  in  research  and  teaching. 

The  Publishing  House  of  thè  Academy  of  Sciences:  Akadémiai  Kiadó  deserves  special 
praise  for  this  beautiful  presentation. 

M.  Kecskés 


R.  K  S.  Wood  and  A.  Graniti  (editors):  Specificity  in  Plant  Diseases.  Plenum  Press,  New  York 
and  London.  1976,  354  pp. 

This  book  is  volume  10  in  thè  Series  A:  Life  Sciences  of  thè  NATO  Advanced  Study 
Institute  Series,  and  contains  thè  papers  presented  on  thè  interactions  that  determine  thè 
specificity  characteristic  of  diseases  of  higher  plants  caused  by  fungi  and  bacteria.  Virus 
diseases  were  not  treated  in  this  Symposium,  which  was  held  in  Alghero  (Sardinia),  Italy, 
May  4  —  17,  1975.  In  addition  to  thè  plant  pathological  papers,  R.  C.  Hughes  presented  a 
lecture  on  animai  membranes  as  recognition  sites  and  H.  F.  Linskens  on  specific  interactions 
between  higher  plants.  He  also  discussed  thè  analogy  between  incompatibility  and  immunology 
and  has  shown  analogies  between  thè  infection  processes  in  plant  diseases  and  thè  incompati¬ 
bility  reaction  in  thè  fertilization  of  higher  plants. 

This  excellent  volume  contains  presentations  by  world-renowned  specialists  in  their 
fields  with  criticai  reviews  and  provocative  conceptions.  After  each  presentation  a  number 
of  contributions  are  given  but  only  in  titles.  A  synopsis  of  contributions  and  discussions  is 
given  after  each  presentation  by  thè  chairman  and  discussion  leader  of  thè  session. 

Following  thè  opening  address  by  A.  Ciccarone,  thè  phenomenon  of  specificity  in 
plant  disease  was  discussed  by  P.  W.  Brian  (Cambridge).  Heath  investigateci  thè  stages 
during  rust  infection  at  which  specificity  may  be  determined.  Ouchi  pointed  out  that  host 
cells  conditioned  by  pathogenic  races  or  species  are  subsequently  unable  to  recognize  thè 
incompatible  or  non-pathogenic  mildews  as  foreign  entities  and  permit  successful  infection. 
A.  Graniti  discussed  tissue  and  organ  specificity  in  plant  diseases,  empliasizing  thè  lack  of 
knowledge  in  this  field. 

Johnson  lectured  on  thè  genetics  of  host — parasite  interaction  and  thè  suinmary  on  thè 
discussion  was  given  by  Ellingboe.  Peter  Day  discussed  thè  gene  functions  in  host— parasite 
Systems  from  thè  point  of  view  of  thè  induced  susceptibility  hypothesis  and  thè  discussion 
comments  and  contributions  were  summarized  by  Person.  Following  thè  lecture  by  Hughes 
on  animai  celi  surface  membranes  as  recognition  sites,  four  were  concerned  with  thè  existence 
of  recognition  sites  for  infectious  plants  pathogens.  Albersheim’s  report  on  celi  surfaces  and 
thè  biochemistry  of  varietal  specific  pathogenesis  was  essentially  thè  same  as  has  been  published 
in  Ann.  Rev.  Plant  Physiol.  26,  31  —  52.  1975.  His  hypothesis  on  thè  inducers  (elicitors)  of 
phytoalexins  stirnulated  inuch  discussion.  Scheffer  stated  in  his  summary  that  there  were 
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doubts  that  this  hypothesis  would  lead  to  an  understanding  of  host  specificity  in  plant  patho- 
gens.  In  two  papers  Callow  discussed  thè  possible  role  of  lectins  in  recognition  and  defence 
in  plants.  Evidently,  more  data  are  necessary  to  evaluate  thè  role  of  both  “elicitors”  and  lectins 
in  specific  host-parasite  interactions.  Rudolph  on  thè  interaction  between  plants  and  bacteria 
pointed  out  that  it  has  not  been  demonstrated  with  certainty  whether  a  few  dead  plant  cells 
are  thè  cause  of  thè  resistant  reaction  or  a  secondary  response.  The  paper  of  Bushnell  on  reacti- 
ons  of  cytoplasm  and  organelles  elaborated  on  thè  recent  knowledge  on  papillae  formations  and  on 
thè  role  of  haustoria  in  disease  resistance.  Daly  was  thought  provoking  with  his  induced 
susceptibility  hypothesis  as  exemplified  with  rust  disease.  According  to  this,  hormonal  changes 
are  causative  factors  in  determining  host-parasite  specificity.  He  speculated  on  resistance 
that  develops  if  a  metabolic  switch  is  not  turned  on,  and  suggested  that  hormones  may  trigger 
each  switch  in  susceptible  plants.  Incompatibility  may  not  involve  an  active,  positive  process 
or  mechanism  controlling  thè  pathogen.  There  are  situations  where  parasites  simply  do  not 
liave  thè  proper  environment  for  development.  He  attacked  thè  hypotheses  on  thè  role  of 
activation  of  protein  biosynthesis,  formation  of  antifungal  compounds  (toalexins)  and 
hypersensitivity  in  disease  resistance.  Tani’s  paper  was  of  special  interest.  He  concluded 
that  senescence  rather  than  juvenescence  promotes  rust  uredospore  formation  in  oat  leaves. 
Rohringer  on  thè  involvement  of  nucleic  acids  in  host-parasite  specificity,  considered  that 
thè  compounds  that  determine  thè  resistant  reaction  (in  fact,  thè  hypersensitive  reaction 
with  tissue  necrosis)  in  wheat  to  stem  rust  is  presumably  RNA.  This  hypothesis  was  seriously 
debated  by  thè  session.  Devay  suinmarized  thè  data  available  on  thè  protein  specificity  in 
plant  disease  development.  The  possible  role  of  agglutinins  (lectins),  and  common  antigens 
(protein  sharing)  was  stressed.  Wheeler  summarized  thè  new  advances  on  phytotoxins 
and  criticized  thè  results  from  Strobel’s  laboratory  on  thè  specificity  of  H.  sacchari  toxin. 
Daly’s  comment  was  also  criticai  but  Albersheim  and  Staples  spoke  in  support  of  Strobel’s 
work  that  thè  toxin  acts  by  binding  to  thè  protein  in  inembranes  of  thè  susceptible  host. 
It  was  unanirnously  accepted  that,  if  Strobel’s  evidence  is  confirmed,  it  will  provide  for 
thè  first  time  at  thè  molecular  level,  a  specific  mechanism  for  virulence  in  thè  pathogen  and 
a  specific  mechanism  for  susceptibility  in  thè  host. 

The  preformed  resistance  factors  were  discussed  by  Schònbeck  and  four  papers  provided 
new  information  on  thè  role  of  saponins,  sterols  and  glucosidase  enzymes.  Kuc’s  report  on 
phytoalexins  was  amplified  by  several  papers.  His  result  on  induced  protection  of  cucumber 
leaves  by  prior  inoculation  with  C.  lagenarium  attracted  much  comment.  This  protection  is 
systemic  in  nature  and  is  not  related  to  phytoalexin  production.  A  lecture  on  thè  induction 
of  host  hypersensitive  response  was  given  by  Sijpesteijn,  while  on  hypersensitive  reaction 
caused  by  bacteria  by  Sequeira.  He  stressed  thè  protection  (suppression)  of  thè  hypersensitive 
reaction,  calling  attention  to  thè  wound  hormone  hypothesis  of  Ryan.  Wounding  releases  a 
hormone  that  induces  thè  accumulation  of  proteinase  inhibitors.  Proteinases  of  pathogens 
would  be  inhibited  which  means  that  an  immune  response  develops  in  thè  plant  as  a  conse- 
quence  of  injury. 

The  volume  is  concluded  with  a  summary  by  Wood  on  “Specificity,  an  assessment”. 

Professors  Wood  and  Graniti  did  an  excellent  work  in  editing  this  book  in  thè  present 
form,  which  gives  a  balanced  mixture  of  results,  ideas,  criticisms,  speculations,  provocative 
comments  and  occasionally  perhaps  even  idiosyncrasy.  This  volume  is  highly  recommended 
to  all  plant  scientists  in  additimi  to  plant  pathologists. 

Z.  Kiràly 
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NOTICE:  FIFTH  SYMPOSIUM  ON  LIYING  AND  FOSSIL 
DIATOMS.  ANTWERP,  BELGIUM.  SEPTEMBER 
4-8, 1978 


This  is  thè  first  announcement  for  thè  Symposium  on  Living  and  Fossil 
Diatoms  to  be  held  on  September  4-8,  1978  at  thè  Societé  Royale  de  Zoologie 
D’Anvers  in  Antwerp,  Belgium.  Scientists  working  on  thè  ecology,  biostra- 
tigraphy  and  taxonomy  of  Living  and  Fossil  Diatoms  are  invited  to  attend 
thè  symposium  and  to  present  papers  or  demonstrate  their  work.  March  1. 
1978  deadline  for  abstracts,  June  1,  1978  publication  of  2nd  Circular  to 
those  responding  to  this  Circular.  For  preliminary  registration  and  subrnis- 
sion  of  titles  of  contributed  papers  mail  to  Dr.  John  A .  Barron ,  U.S.  Geol- 
ogical  Surrey,  345  Middlefield  Road ,  Menlo  Park .  California  94025.  U.S.A. 
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PE3K3ME 

BJ1MHHHE  TEPBHUHAOB  HA  MACTOTY  COPHflKOB  B  KYJlbTYPHblX 
KOHCOUMAUHBX  LUPINUS 

O.  EOPEEfi,  M.  EOPEEfl,  E.  3J1EK,  M.  KEMKELU 


ABTopbi  HCCJieAOBajni  BJiHflHne  108  KOHTaKTHbix  h  CHCTeMHbix  npenapaTOB  repGHHHAa, 
othochiuhxca  b  24  xHMHMecKne  rpynnbi,  Ha  pacnpocTpaHeHne  cophhkob  b  icyjibTypHbix  koh- 
couwauHHx  b  KOHije  jieTa  a  TaK>Ke  Ha  mhcao  ocoGen,  <j)HTOMaccy  cophhkob,  Ha  mhcjio  ocoGen 
Lupinus  albus  H  Lupinus  luteus  H  Ha  HX  GHOAOrHHeCKyiO  npOAyKLJHK)  (KOJIHMeCTBO 
ccmhh),  rjiaBHoe  MecTo  pa3BeAeHHH  JiionHHOB  b  BeHrpHH  Hnpmer,  Ha  cjia6o  khcjiwx  jiecHbix 
noMBax.  OnbiTbi  npoBOAnnncb  Ha  HeGojibiunx  ynacTKax  b  1971,  1972  h  b  1973  rofly.  Ha  ocHOBa- 
hhh  paHee  nojiyneHHbix  AaHHbix  onpbiCKHBaHne  repGiujHflaMH  nponcxoAHAO  b  A03e  3,5  Kr/reK- 
Tap.  BjiHHHHe  repGnuHAOB  Ha  noHH>KeHHe  (JniTOMaccbi  cophhkob  h  noBbimeHne  npoAyKUHH 
bhaob  JiionHHa  uccjieAOBajiH  npn  noMoujH  nepeMHCJieHHbix  napaMeTpoB,  a  TaK>Ke  OTflejibHO  oue- 
HHBajiH  Ka>KAbin  H3  108  npenapaTOB.  Ha  onbiTHOM  yMacme  nacTOTy  AOMHHaHTHbix  bhaob  copHH- 
kob,  b  cjiynae  Setaria  glauca  rjiaBHbiM  o6pa30M  noAaBjifljm  npenapaTbi,  b  KOTOpbix  haxoah- 
jmcb  npon3BOAHbie  Kap6oMHAa,  Tpna3HHa,  ypauHJia  a  TaK>Ke  KOMÓHHauHH  repGnijHAOB.  Setaria 
glauca  Gbuia  pe3HCTeHTHa,  BepHee  TonepaHTHa  k  74%  repGnijHAOB.  B  otjihmhh  ot  stoto 
Chenopodium  album  GbiJi  ceH3HTHBeH  k  64%  repGnuHAOB.  Ilo  aHajiusy  KOJiHMecTBa  cophhkob  b 
KOHi;e  JieTa  Gojibiue  oahoh  Tpem  H3yneHHbix  repGnuHAOB  [42]  noKa3ajin  bjihhhhc  Ha  CHH>KeHHe 
HHCjia  ocoGen,  6ojiee  50%.  3HaMHTejibHoe  mhcjio  repGnuHAOB  CHH>Kajio  Bec  cophhkob.  Sto 
03HaMaeT,  mto  B.wecTe  c  H3MepeHneM  MHCJia  cophhkob  hco6xoahmo  H3MepHTb  hx  Bec.  Ha  ocho- 
bahhh  KOJiHMecTBa  ocoGen  KyjibTypHbix  pacTCHnii  h  hx  npoAyKUHH  (bcc  ccmhh)  aBTopbi  onpe- 
AeJlHJIH,  MTO  H3  AByX  BHAOB,  KOTOpbie  npHHaAAOKaT  K  OAHOMy  H  TOMy  >Ke  CeMeHCTBy  Chenopodium 
album  Gbin  Gojiee  MyBCTBHTejibHbiM  k  repGnijHAaM.  CpaBHHBan  HeKOTopbie  xnMHMecKHe 
rpynribiCKOMGHHauHHMH,  coctohiahmh  H3  AByx  repGHAHAOB,  oKa3ajiocb,  mto  ohh  hc  0Ka3biBaAH 
GoAee  aKTHBHoro  achctbhh,  ho  HaAO  3aMeTHTb,  mto  H3  108  npenapaTOB  mribKO  16  Gbuin  kom- 
GHHaUHOHHblMH. 

B  to  >Ke  BpeMH,  oi^eHHBaA  no  OTAe/ibHOCTH  npenapaTbi,  oKa3ajiocb,  mto  epe  ah  KOM6nHa- 
UHÌi  h  repGnoHAOB,  coAepwamHx  oahh  AeiiCTByiomHH  areHT,  c  tomkh  apeHHH  yHHMTOHceHHH 
copHHKOB  Gojiee  nepcneKTHBHbiM  Ka>KeTCH  Linuron  50  aah  oGohx  bhaob  Lupinus  a  aah  L. 
alh"s  Camparci  1803. 


HOBblE  PACTEHMH  HA  KYBE  V. 

A.  BOPXHAH,  O.  MH3HM3 

flaHHan  CTaTbH  hbjihctch  npoAOJi>KeHHeM  cepun  CTaTen  New  Plants  in  Cuba  I  — IV  b 
KOTOpblX  COAep>KHTCH  OnHCaHHe  44  HOBblX  TaKCOHOB,  a  T3K>Ke  PCBH3HH  HCKOTOpblX  nOAHMOpc})- 
HblX,  BepHee  KpHTHMeCKHX  BHAOB.  HoBbie  TaKCOHbl  CJieAyiomHe:  Orchidaceae:  Epidendrum ; 
Piperaceae:  Piper  (1  bha);  Polygonaceae  :  Coccoloba  (1  bha,  1  pa3H0BHAH0CTb);  Mimosaceae: 
Pithecellobium  (1  nOABHA);  Caesalpiniaceae  :  Cassia  (2  BHAa),  Caesalpinia  (1  nOABHA);  Faba- 
ceae:  Brya  (1  BHA);  Erythroxylaceae :  Erythroxylon  (4  BHAa);  Rutaceae:  Ravenia  (1  bha),* 
Euphorbiaceae :  Acidocroton  (1  bha),  Moacroton  (1  pa3H0BHAH0CTb),  Bonania  (2  BHAa);  Bux- 
aceae :  Buxus  (2  BHAa);  Aquifoliaceae :  Ilex  (1  bha);  Celastraceae :  Crossopetalum  (1  bha); 
Sapindaceae:  Thouinia  (2  BHAa);  Rhamnaceae:  Rhamnidium  (1  bha),  Karwinskia  (1  bha); 
Clusiaceae:  Rheedia  (2  BHAA,  1  pa3H0BHaH0CTb);  Flacourtiaceae :  Samyda  (2  BHAa);  Thyme- 
leaceae:  Daphnosis  (1  pa3H0BHAH0CTb);  Symplocaceae :  Symplocos  (1  bha);  Borraginaceae: 
Cordia  (2  BHAa);  Verbenaceae :  Callicarpa  (2  BHAa),  Vitex  (3  BHAa);  Solanaceae :  Cestrum  (1  BHA, 
1  pa3H0BHAH0CTb);  Gesneriaceae  :  Gesneria  (2  BHAa).  Bbuia  npnrOTOBJieHa  TaKCOHOMHneCKafl 
pCBH3HH  CAeAyKHiJHX  BHAOB!  Coccoloba  coriacea ,  Pithecellobium  asplenifolium ,  Caesalpinia 
bahamensis ,  Rheedia  fruticosa  s.  1.  H  Rheedia  ruscifolia  a  TaK>Ke  KJ1K)M  A-Hfl  onpeAeJieHHfl 
KyGHHCKHX  BHAOB  Rheedia. 


nPMMEHEHME  AHAJ1H3A  NICHE  flJlfl  HEKOTOPblX  BH£OB 
FIECMAHHOCTEnHblX  ACCOUHAUHtf  I. 

CpaBHeHne  pa3JiHHHbix  hhackcob 

r.  03K3T3,  M.  nPEMEHbM,  3.  MOJlbHAP,  3.  MEJ1KO 

B  cepHH  CTaTew  aBTOpbi  AaiOT  aHajiH3  pejiBUHH  —  niche  aah  AOMHHaHTHOo6yHAaHTHbix 
bhaob  necMaHHO-CTenHbix  accoijHauHH.  B  nepBoii  CTaTbe,  H3MepflH  b  ahmch3hh  niche  (BJia>K- 
HOCTb  noMBbi,  MaKCHMajibHa^i  rjiy6nHa  KopHeBOH  Maccu,  b  AaJibHeHiueM:  rjiy6nHa  KOpHen), 
onpeAejiHJin  napaMeTpbi  uiHpHHbi-  niche:  Ha  ocHOBe  (fopMyjibi  Shannon  BbiHHCjinjiH  paBHO- 
MepHOCTb  (Hi),  HHAeKC  Colwell  —  Futuyma  (1971)  Ha  ocHOBannH  (jiopMyjibi  Shannon  (C  i;  tv ), 
ABa  HHAeKca  Pielou  (1972)  Ha  o6myio  (/i,/6)  h  BecoByio  iBHpuHy  (ujhib),  hhackc  Levins 
(1968)  Bi.  Hhackc  overlap:  Horn  (1966)  R^;  Whittaker  —  Fairbanks  (1958),  Levins 
(1968)  OC/,/,  HAH  KOMneTHUHOHHblH  K03(J)(})HUHeHT,  paCCTOflHHe  nO  ayKAHAy  (Orloci  1967), 

ii  b  KOHue  3HaMeHne  D.  Mctoaom  Colwell  — Futuyma  TpaHC(J)opMiipoBajin  pacneTbi  Apyrnx 
HHACKC OB  KAJlbKyJIHpOBaHHblMH  BCCaMH  H  OCHOBHbIMH  AaHHbIMH. 

B  o6ohx  AHMCH3HHX  Levins  B(  jiynme  Beerò  oueHHBa/iHCb  Apyrne  HHAeKCbi  (cy ab  no 
oueHKe  paHrKOppeanuHH).  Ha  pa3JiHMHyio  npHpOAy  hhackcob  yKa3biBaeT  to,  hto  bo  MHornx 
cjiynaHx  cooTBeTCTBne  noKa3biBaiOT  He  pa3JiHHHbie  BecoBbie  HHAeKCbi,  KaK  HanpnMep  BecoBoii 
HHAeKC  He  c  BecoBOH  (})opMyjiOH.  Bccoboh  HHAeKC  Pielou  KaK  h  o>KHAaAOCb  6biJi  nyBCTBH- 
TejieH  k  pejiaTHBHOH  nacTOTe  BHAa,  a  hhackc  Colwell  — Futuyma  6biji  nyBCTBHTeAeH 
k  pejiaTHBHOH  nacTOTe  BHAa,  h  hhackc  Colwell— Futuyma  Gbui  nyBCTBHTejieH  k  KaTe- 
ropuHM.  Hhackc  Horn  Rfli  bo  MHornx  cjiywaHx  AaBaji  6oAbimie  3HaueHHH,  lieM  hhackc 
Chi.  B  cjiynae  BJia>KHOCTH  nonBbi  o6mee  3HaneHHe  y  Festuca  vaginata  6biJio  caMoe  BbicoKoe,  a  y 
Fumana  procumbens  —  HH3K0e.  B  CAynae  rJiy6llHbl  KOpHH  y  Thymus  o6lijee  3HaueHHe  overlap 
GbiAo  caMoe  BbicoKoe,  ay  Fumana  caMoe  HH3Koe.  fio  KOMÓHHHpoBaHHbiM  KaTeropHHM  mnpHHa 
niche,  nOACHHTaHHan  H3  community  matrix,  noxo>Ka  Ha  CHTyamno  rjiy6iiHbi  KOpHeiì  npn  com 
munity  H  species  effect. 


HOBbltf  BOflHblPì  THOOMHUET  BEHrPHH 
CLAVATOSPORA  FLAGELLATA  SP.  NOVA 

R  TEHLlEJlb 

Bha  Clavatospora  flagellata  sp.  nova  6blJl  OnHCaH  no  norpy>KeHHbiM  B  BOAy  rHHJOlAHM 
AHCTbHM.  OnncbiBaeTCH  h  HJiJHOCTpnpyeTCH  pa3BHTiie  BHAa  Ha  npupOAHOM  cyGcTpaTe,  ero 
ce30HHan  (JipeKBeHHHH  a  TaKwe  pacnpocTpaHeHiie  rpn6a. 


0  TOJICTOHrOJlHATblX  BH^AX  POflA  MICRACTINILM 

T.  XOPTOBAAbM 

B  ByAaneiiiTCKOH  nacTH  flyHan  b  1971  —  1973  roAax  Ha6jiiOAajiH  bhaw  Micractinium 
c  Heo6buiaHHo  TOJiCTbiMH  urojiKaMH.  B  1973  roAy  aBTop  y>Ke  ony6jiHKOBaji  AaHHbie  o 3eAeH0H 
BOAOpoCJlH  Micractinium  crassisetum  Hortob.  HOBefllHHe  Ha6jHOAeHHH  AOnojiHfllOT  3TH 
AaHHbie.  ^naMeTp  kjictok  5,5—9;  y  nojiocTHbix,  TBepAbix  c  nAOTHbiMH  CTCHKaMH  nroAOK  AJWHa 
paBHHJiacb  24,7—60,  a  ìunpima  y  ocHOBaHHH  1,7— 2,8.  BTopoii  bha,  noxo>KHH  no  CBoeMy  CTpoe- 
HH,  Micractinium  strigoniense  Hortob.  3T0T  BHA  OTAHHaeTCH  OT  nepBOrO  eAHHCTBeHHOH  TOA- 
CTOH  CTeHKOH  KJieTKH,  IUIipOKOH  HrOJIKOH,  a  T3K>Ke  HaJlHUIieM  AByx  KOpOTKHX  TOHKOCTCHHblX 

nroAOK.  /^naMeTp  kjictkh  5—5,5;  pa3Mepbi  aahhhhx  nroAOK  30—33,  a  6oAee  kopotkhx  16—19. 
B  ocHOBaHim  HiHpHHa  y  nepBbix  1 ,6— 1,8,  ay  BTopbix  0,3— 0,4.  Sto  o6TeAHHHeT  b  ce6e  CBoiiCTBa 
BHAOB  M.  pusillum  Fresen  II  M.  crassisetum  Hortob.  B  KAeTKax  TpeTbero  BHAa  Micractinium 
conococcoides  o6pa30Bajiacb  TOjibKO  OAHa  TOACTOCTeHHan  uroAKa  c  ihhpokhm  ocHOBaHiieM. 
^naMeTp  KAeTKH  6—7.  ,IbiHHa  hi  oakh  47—51,  a  b  ocHOBamin  umpiiHa  paBHa  2,5—3.  Kjictkh 
HeKOTopwx  bhaob  ne  pacnojiaraioTCH  b  oahoh  njioacocTH,  ohh  CKyneHbi,  nrojiKH  HanpaBAeHbi  b 
pa3Hbie  CTOpOHbl. 


M3MEHEHM54  3H3HMA  nEP0KCM,qA3bI  H  ETO  rM^POKCHJlbHOfl  CnOCOBHOCTM 
B  nPOPOCTKAX  OACOJ1M  nOfl  BJIMflHHEM  AKTHHOMHUHHA  J\  M 
XJIOPAMOEHMKOJIA 

M.  XOPBAT,  M.  HEMMOK 

3a  nocjieAHee  BpeMfl  H3yMeHHe  MexaHH3Ma  aencTBH^  nepoKCHA33bi  a  Taione  ee  pojin  b 
THApOKCHJibHbix  npoueccax  BbiCTynHJio  Ha  nepBoe  MecTo.  CTajio  aKTyajibHbiM  HCCjie/jOBaTb  b 
npoqecce  CHHTe3a  6ejiKOB  Ha  pa3JiHMHbix  3Tanax  xHMHMecKHe  coeAHHeHHA,  npHroAHbie  aah 
nojiHoro  noAaBjieHH^i  a  Taione  h  aab  (J)opMHpOBaHH^i  nepOKCHAa3bi  h  ee  rHApOKCHAbHOH  cno- 
coOhocth. 

M3  onbiTOB  mo>kho  onpeAeAHTb,  mto  HCnojib30BaHHbie  aBTopaMH  noAaBAHioinHe  BemecTBa 
(aKTHHOMHUHH  H  XJIOpaM(})eHHKOJl)  MO>KHO  HCn0JIb30BaTb  flJIH  TOpMO>KeHHfl  3KTHBH0CTH 

nepoKCHAa3bi  h  ee  ruApOKCHJibHon  choco6hocth. 


OOPMbI  POCTA  nOMBEHHblX  BO^OPOCJlEtf  B  BEHrEPCKHX  JlECHblX  M 
CTEFIHblX  3KOCHCTEMAX,  nPMHMMAfl  BO  BHMMAHHE  OM3HMECKHE 
CBOPÌCTBA  THnOB  nOMBbl 

>K.  n.  KOMAPOMH 

Ha  ocHOBaHHH  H3yMCHHB  6ojibujoro  KOJiH^ecTBa  o6pa3uoB  noMB  aBTOp  onpeAejiHJia,  mto 
BeHrepCKne  JiecHbie  nonBbi  noxo>KH  Ha  Apyrwe  cpeAHeeBponencKHe  jieca  rana  Chlorophyta , 
a  CTenHbie  —  Ha  bombici  rana  Cyanophyta.  B  HacTOBinen  CTaTbe  aBTop  nbiTaeTCA  npHBecTH 
b  nopHAOK  (J)opMbi  pocra  noMBCHHbix  BOAOpocjiew  Ha  ocHOBaHHH  KOHuenuHH  Raunkiaer, 
npHHHMan  bo  BHHMaHue  (j)H3HMecKHe  cbohctb3  THna  fioma.  Abtop  onpeAeAHAa  6  (j)opM  pocTa, 
KOTOpbie  MO>KHO  33MHCAHTb  B CAeAyKHUHe  rpynribi:  dispersal  (1),  stratosus  (2),  Microcoleus  (3,1), 
ramosus  (3,2),  Nostoc  hjih  « sticking »  (4),  a  T3K>Ke  glutinosus  HAH  Diatoma  (5).  flAH  pblXAblx 
AecHbix  noMB  xapaKTepHa  dispersal ,  a  aah  nAOTHbix  noMB  (fopjvta  stratosus ,  aab  CTenHbix 
3K0CHCTCM  n0A30AbHbie,  COAOHMaKOBbie  KOpKOBbie  (})OpMbI  (3.1  H  3.2).  OopMa  pOCTa  glutinosus 
Mame  Beerò  HaOjnoAaeTCB  b  nocTOHHHO  BAa>KHbix  MecTax.  CnHy3HMbi  riOMBeHHbix  BOAopocjien 
B  AeCHblX  H  CTenHblX  3K0CHCTeMax  MO>KHO  xoporno  XapaKTepH30BaTb  (J)OpMaMH  pOCTa. 


MCCJIE^OBAHME  OOTOCHHTE3A  VAUCHERIA  DICHOTOMA  AGH  H 
BEHTOHMHECKOfl  3O0EKTMB HOCTM  XJIOPOOMJIJIA  B  03EPE  BEJ1EHUEH 

a.  J1AKATOUJ 

npH  oGbBCHCHHH  COCTOflHHfl  3BTpO(J)H3ailHH  BOA  HapflAy  C  0n03H3BaHHeM  KOHIjeHTpaiJHH 
xAOpo(J)HAAa  opHeHTHpOBOHHbie  napaMeTpbi  ofrnerMaioT  h  noMoraioT  yTOMHHTb  poAb  nAaHKTOH- 
HblX  H  6eHTHMeCKHX  paCTCHHH  B  BOAHOH  3K0CHCTCMe. 

OTKpbITHH  CBOHCTB  6eHTHMeCKOTO  XAOpO(J)HAAa  6bIAH  npOBCAeHbl  (J)OTOCHHTeTH- 
necKHe  HCCAeAOBaHHA  c  ochobhoh  6eHTOHHMecKOH  pacTHTeAbHocTbio  03epa  BeAeHuew. 

B  npoiiecce  paOoTbi  cpeAH  mctoaob  HSMepeHHB  (})0T0CHHTe3a  aBTopbi  npHMCHHAH  mctoa 
dark  and  light  bottle  C  H3MepeHHeM  02. 

Ha  ocHOBaHHH  onbiTOB,  npoBeAeHHbix  AeTOM  1973  roAa,  6biAH  onpeAeAeHbi  napaMeTpbi 
npOAyKTHBHOCTH  AèpHa,  Vaucheria  dichotoma. 

P0a  =  1,76  mg  02  Dm  g_1  h"1 
Pc  =  0.56  mg  C  Dm  g~ 1  h_1 

E>KeAHeBHaA  oijeHKa  npoAyKUHH  =  3,29  g  C  m-2d-1 

aCCHMHABUHH  GeHTHMeCKOTO  XAOpO(J)HAAa  aBTOpbl  nOJiyMHJIH  OUeHKy  0,24,  (J)aKTOp  3KTHB- 
HOCTH  6bIA  paBeH  0,01. 

Mo>kho  onpeAeAHTb,  mto  aaa  OeHTOHHMecKOH  3BTpo<j)H3aLiHH  xapaKTepHO  onpeAeAeHHoe 
KOAHMeCTBO  6HOMaCCbI  paCTHTeAbHOCTH,  HaXOAAIUeHCB  B  nOCTOBHHblX  yCAOBHAX,  H  B  CBA3H  C 
3THM  OOAbUIOe  KOAHMeCTBO  XAOpO(J)HAAa,  a  T3K>Ke  HH3K3A  npOAyKTHBHOCTb,  HH3K0e  MHCJIO  aC- 
'CHMHAHUHH  H  (J)aKTOp  HH3K0H  (j)OTOCHHTeTHMeCKOH  3KTHBH0CTH. 


3ArPH3HEHHE  B03JiyXA  B  ^YBOBOR  3KOCHCTEME  M  CO,qEP>KAHME  3,4- 
BEH3riMPEHA  B  HAXO^flmHXCH  HA  3TOPÌ  nJlOLUAflM  PACTHTEJlbHblX  H 

nOHBEHHblX  OBPA3UAX 

(D.  MEJUBE 

B  CTaTbe  HaxoAHTCH  AaHHbienccAeA0BaHHH3arpn3HeHHH  B03Ayxa  boahoh  h3  3kochctcm, 
Ha  npoTH>KeHHH  3-x  jieT.  Abtop  H3MepHJi  koahmcctbo  oca>KaeHHOH  nbuiH,  AeTninen  nbijin,  cepbi, 
cepHHCToro  ra3a,  okhch  a30Ta  a  TaK>Ke  nccjieflOBaji  coAep>KaHHe  npnpoAHoro  3,4-6eH3nnpeHa  b 
pacTHTejibHbix  h  noHBCHHbix  o6pa3nax.  Pe3yjibTaTbi  mo>kho  CMHTarb  AaHHbiMH  npHpoAHoro 
(})OHa. 


HyMEPHKO-TAKCOHOMMMECKME  M3YMEHHH  IRIS  PUMILA  L.  nPH  nOMOIHH 

AHAJ1H3A  CLUSTER 

3.  MEJIKO 

Abtop  b  nepByio  onepeAb  coo6maeT  06  arrAOMepaTHBHOM  aHajinae  cluster  no  Opjioun, 
33TCM  npuMCHHeT  ero  fljifl  reorpa(})HMecKOH  hah  TaKCOHOMHHecKOH  rpynnupoBKn  Iris 
pumila  L.  n  b  kohuc  oueHHBaeT  pe3yjibTaTbi. 

MccjieAyeMbin  MaTepnaji  coctoht  H3  rep6apnbix  pacTeHnn,  coOpaHHbix  H3  35  mcct 
(+  1  yKpanHCKoe)  KapnaTCKoro  6accenHa.  OcHOBy  onbiTOB  cocTaBjineT  ii3MepcHne  14  a6co- 
jnoTHbix  pa3MepOB,  npoBeAeHHbix  Ha  jiHCTbnx  n  Tpy6Ke  BCHMHKa,  BepHee  12  othoiuchhh,  koto- 
pbie  o6pa30Bajincb  H3  a6comoTHbix  pa3MepOB. 

IlpHMeHHH  arrjioMcpaTnBHbin  aHaJiH3  cluster  no  OpnoijH,  aBTop  npoBCJia  4  aHajiH3a. 
PeayjibTaTbi  noKa3biBaioT,  hto  xoth  b  cjiyMae  Ka>KAoro  aHajiH3a  aBTop  nojiyHHJia  xoporno 
orpaHnqeHHbie  cluster ,  HeKOTopwe  cluster  He  roMoreHHbi  hh  no  reorpacjHmecKHM  ycjiOBHHM, 
(MeCTO  HaXO>KACHHH,  OCHOBHaH  Cpe^a,  ypOBCHb  MOpn),  HH  no  TpaAHLJHOHHblM  BHyTpn- 
BHAOBbiM  TaKCOHOMHMecKHM  rpynnnpoBKaM.  Ha  ochobc  pa3MepoB  BereTaTHBHbix  nacTeiì,  BepHee 
Ha  ocHOBe  nojiyqeHHbix  coothoiuchhh,  Iris  pumila  L.  Ha  H3yqeHHbix  MecTax  (KapnaTCKnn 
OacceiiH),  KaK  b  reorpa(J)nqecKOM,  TaK  h  b  TaKCOHOMnqecKOM  acneKTe  Hejib3H  noApa3AeAHTb 
Ha  roMoreHHbie  rpynnbi.  OnbiTbi  noKa3biBaiOT,  mto  aHajiH3  cluster  mo>kho  npHMeiwTb  b 
CHCTCMaTHKe.  C  noMombK)  3Toro  aHajnoa  Ha  ochobc  xapaiorepHbix  npH3HaK0B  bo3mo>kho  rpyn- 
nnpoBaTb  bhaw,  BepHee  mo>kho  yi<a3aTb  Ha  to,  mto  cluster ,  KOTopbie  CMHTajiH  ao  chx  nop  eAHHbi- 
MH,  B  AeHCTBHTejlbHOCTH  eAHHbl  AH. 


CPABHHTEJlbHblE  M3YHEHMH  HECKOJlbKHX  OYHKUHH  PA3HOOBPA3HH  HA 
nECMAHblX  J\ EPHAX  nPH  B3HTHH  PA3JIHMHbIX  OBPA3UOB 

H.  HOCEK 

Abtop  b  bhac  BCTynneHHH  cooSmaeT  o  npoOeAax  b  npoBOAHBiiiHxcn  ao  chx  nop  onbiTax, 
h  uà  ochobc  pa3Hoo6pa3HH  TeopHH  MHo>KecTBa  AaeT  onpeAeAeHHe  noHHTnn  (K)xac— HaAb, 
1973)  H3MepeHHH.  Abtop  acaact  o63op  onncaHHbix  b  AHTepaType  hhackcob  h  (J)yHKAHH  pa3H0- 
o6pa3HH  H  3KBHTa6HAbHOCTH. 

OnblTbl  npOBOAHAHCb  Ha  neCMaHO-CTeriHOM  ACpHC  ( Festucetum  vaginatae  danubiale)  BeHr- 
pHH  Ha  rpaHime  BanpaTOTa.  Bbinn  HCCAeAOBaHbi  6  (JjyHKAHH  pa3Hoo6pa3nn  (Simpson,  Gini, 
PIE  MclNTOSH,  KOppHPHpOBaHHan  OCHOBHOH  MHO>KeCTBeHHOCTbK)  MHCAa  BHAOB  (J)yHKAHH 
SiIANNON-WeAVER)  aTAIOKC  (|)yHKLJHH  3I<BHTa6HAbHOCTH(D  —  DlmaX'  —  DlmTnin  J 

B  onbiTax  nvieAHCb  Asa  ycnoBHH  b3hthh  o6pa3ijoB: 

а)  YMHo>KeHHe  nnomaAH  b3hthh  o6pa3UOB  no  AByM  CTeneHHM  c  100  cm2  ao  3  200  cm2. 

б)  H3MeHeHiie  (})opMbi  o6pa3ua.  PacTH>KeHne  KBaApaTa  b  (JjopMy  KupnHMa.  Hh  (jjyHKijHH 
Simpson  —  McIntosh  h  PIE,  hh  y BeAHMeHiie  nnomaAH  h  H3MeHeHHe  (J)opMbi  He  noKa3aAH  CHCTe- 
MaTHHecKOHCBn3H.  C  yBeAHMejnie.MMecTa  (jiyHKUHH  Gini  h  Shannon  norapn(|)MHMecKH  h3mchh- 
AHCb.  npil  Ka>KH0H  B3AHMHH3  nnOLljaAH  HeAOOLjeHHBanaCb  BCAHMHHa  OCHOBHOH  MHO>KeCT- 
BeHHOCTH  H  pa3H006p33HH. 

C  H3MeHCHHeivi  (Jiop.Mbi  ao  1600  cm2  o6a  noKa3aAH  Bce  Gonee  CHH>KeHHyK)  CBH3b.  OyHKUHH 
Siiannon-  Weaver,  KoppHrnpoBaHHan  MHO>KecTBeHHOCTb}o  MHCAa  bhaob,  no  rifnep6oAHMecKOMy 
cooTHomeHHH)  H3\ieHHAzicb  c  H3MeHeHHeM  nnomaAH.  j^o  400  cm2  nepeoueHHBaAOCb  pa3Hoo6pa- 
3He  ochobhoto  MHo>KecTBa,  a  c  1600  cm2  oho  HeAOOueHHBaAocb.  M3MeHeHne  (JiopMbi  ao  800  cm2 
noKa3ano  noHiDKCHHyio  CBH3b. 


BeJlHMHHbl  SKBHTaÓHJlbHOCTH  H3MCHHJlHCb  C  yBejlHMCbHCM  nJlOUia^H  y  pa3JIBMHblX  (fopM 
He  no  oflHHaKOBbiM  TnnaM.  H3MeHeHne  (J)opMbi  He  noKa3ajio  CHCTeMaTHHecKyio  CBH3b.  B  6ojib- 
iiiHHCTBe  cjiyMaeB  6biJia  nepeoueHeHa  BejiHiniHa  MHowecTBeHHon  3KBHTa6HJibH0CTH. 

HanjiyMiijyK)  oueHKy  pa3Hoo6pa3HH  mhokcctbchhocth  aBTop  onpeAejiHJi  Ha  njiomaAH 
1600  cm2,  HMeioineH  (J)opMy  y3Koro  KHpnHna  (oTHomeHHe  CTopoH  1  :  32)  npn  noMomn  Koppnrnpo- 

B3HH0H  (J)yHKUHH  SHANNON- WeAVER. 


RHODOBRYUM  ONTARIENSE  (KINDB.)  KINDB.  B  CPE^HEfi  EBPOFIE 

Lii.  OPE AH,  T.  nOM 

ABTOpbl  yKa3aJ!H  Ha  pacnpOCTpaHeHHC  BHA3  Rhodobryum  ontariense  (Kindb.)  Kindb.  B 
BOCbMii  CTpaHax  cpe^Hen  EBponbi.  Ka>KAbiH  H3  hhx  Haxo/iHTCH  b  30He  jiHCTBCHHoro  jieca,  a 
TaiOKe  b  CTenHoii  jiecoBon  30He.  Bh j\R.  roseum  Ha  stoh  TeppHTOpHH  pacupocTpaHeH  Bce  Cojiee 
h  6ojiee  pe/B<o,  a  R.  ontariense  6ojiee  MacTO  BCTpenaeTCH  Ha  H3BCCTKCBbix  noMBax,  b  oco6eH- 
hocth  b  KapnaTCKOM  6accenHe. 


BJlEKTPOHHOMHKPOCKOnMMECKOE  HCCJIE^OBAHHE  OflHMX  H  TEX  >KE 
nblJlbUEBblX  3EPEH  nPM  nOMOlRtM  C3M,  T3M  h  CM 

H.  POyJlEB,  M.  HPAM-KOMJlOjHH 

ABTopbi  HCCJie^OBajiH  cy6MHKpocKonnMecKoe  CTpoeHne  eh/icb  Linum  npn  noMomn 
CBeTOBoro  MHKpocKona  (CM),3JieKTpoHHoro  MHKpocKona  CKaHHHHr  (C3M)  h  TpaHCMHCCHOHHoro 
ajieKTpOHHoro  MHKpocKona  (T3M). 

/Ijih  cpaBHeHHH  nojiyMeHHbix  AaHHbix  hcoGxoahmo  o6pa6aTbiBaTb  MaTepuaji  oahhm  h 
TeM  >Ke  cnoco6oM,  t.  e.  Te  >Ke  caMbie  nbiJibneBbie  3epHa  bo3mo>kho  nccjie^OBaTb  Bbiine  Ha3B3H- 
HblMH  MHKpOCKOnaMH.  B  naJlHHOJlOrHH  £0  CHX  nop  3TO  MeTOAHMeCKH  6blJ10  HeB03M0>KH0. 

Toro  MTo6bi  co6paTb  bmcctc  pa3JiHMHbie  noAroTOBHTejibHbie  MeTOAbi,  Hy>i<HO  6biJio  Bbipa6oTaTb 
HOBblH  MeTOA. 

B  3toh  CTaTbe  aBTopbi  AaiOT  oTMeT  06  stom  MeTOAe  h  o  nojiyMeHHbix  pe3yjibTaTax. 


AKTYAJlbHAH  nOTPEBHOCTb  B  njI01UA,QM  H  EE  BAPHABHJlbHOCTb  B 
nPOUECCE  PA3BHTMA  BUflA  PIMPINELLA  ANISUM  L. 

K).  CyRKO-JlALlA 

ABTop  B  3T0H  CTaTbe  npOAOJl>KaeT  KBaHTHTaTHBHblH  M0p4)0J10rHMeCKHH  aHaJ!H3  aHHCa, 
OTbicKHBaeT  h  H3MepneT  Tanne  tohkh,  Ha  ocHOBaHHH  KOTopwx  mo>kho  BbiCMHTaTb  njiomaAb,3aHH- 
TyiO  OAHOH  0C06bK)  B  A^HHOH  CT3AHH  pa3BHTHH  H  BHyTpH  (]]eH0(}?a3bI.  FlOCKOJlbKy  3T3  nA0IHaA*> 
CBH3aHa  co  CTaAHeii  0HT0reHe3a,  OHa  nojiyMHJia  Ha3BaHne  aKTyajibHoi!  noTpeÓHOCTH  b  njioiuaAH 
(Ann).  B  wccjieAOBaHHOH  nonyjinunH  6bijia  3aMeMeHa  BapnaOHJibHOCTb  b  ypoBHe  pa3BHTnn  h 
nOTpeÓHOCTH  B  TeppHTOpHH.  MaKCHMyM  Ann  MO>KHO  GblJlO  H3MepHTb  B  ÓOJiee  P33BHT0M  (j^)  h 
cjiaÒo  pa3BHT0M  (p2)  o6pa3ue  b  oahoh  h  toh  >Ke  ctbahh  pa3BHTHH  h  ())eH0(})a3e,  oah3ko  b  aGcojnoT- 
hoh  oueHKe,  a  TaiOKe  b  apxHTeKType  6biJia  3H3MHTejibHan  pa3HHua  Me>KAy  p,  h  p2. 

3KBH(J)HHHTHBnocTb  HeAJiepa  (OniBaT  1964)  Me>KAy  px  h  p2  He  HacTymuia  Aawe  bo  BpeMH 
nOJlHOrO  C03peB3HHH  CeMHH. 

yxyAiueHHe  oicpywaiomHx  ycjiOBHH  (Bbiconan  TeMepaTypa  h  6ojibinaH  HHTCHCHBHOCTb 
CBeTa)  OKa3ajio  Gojiee  BpeAHoe  bjihhhhc  Ha  p2)  mcm  Ha  /?,. 

no  pacneTaM  OKa3ajiocb,  mto  oahoh  H3  npuMHH  pa3BHTHH  h  BapnaOHjibHocTH  Ann  hbjih- 
eTCH  CHrHH^HKaHTHoe  pa3JiHMHe  b  Bece  Me>KAy  ceMeHaMH,  KOTopbie  pa3BHJincb  H3  noóoMHoro 
COHBeTHH  H  H3  TJiaBHOrO  CTe6jlH.  Bo  BpeMH  npOpaCTaHHH,  B  CTa/lHH  reTepOTpo4)HOrO  nHTaHHH, 
OCOÒH  C  HeÓOJlbUIHM  BeCOM  CeMHH,  npOHCXOAHmne  C  no60HHbIX30HTHKOB,  pa3BHB3K)TCH  c  T3KHM 
ymep60M,  KOTOpblH  npOHBJineTCH  B  BHyTpHBHAOBOH  KOMneTHHHH  B  pa3BHTHH  a  T3K>Ke  Ha  ypOBHe 
Ann,  H  3T0  B03M0>KH0  H3MepHTb  (KypOHBa  1960). 


! 


The  Acta  Botanica  publish  papers  on  botanical  subjects  in  English,  French,  Cerman  and 
Russian. 

The  Acta  Botanica  appear  in  parts  of  varying  size,  making  up  volumes. 

Manuscripts  should  be  addressed  to: 

Acta  Botanica ,  Budapest  502 ,  Postafiók  24, 

Correspondence  with  thè  editors  and  publishers  should  be  sent  to  thè  same  address. 
The  rate  of  subscription  is  $  32.00  a  volume. 

Orders  may  be  placed  with  “ Kultura ”  Foreign  Trade  Company  (1389  Budapest  62, 
P.  O.B.  149.  Account  No.  218-10990)  or  with  representatives  abroad. 


Les  Acta  Botanica  paraissent  en  frangais,  allemand,  anglais  et  russe  et  publient  des 
travaux  du  domaine  des  Sciences  botaniques. 

Les  Acta  Botanica  sont  publiés  sous  forme  de  fascicules  qui  seront  réunis  en 
volumes. 

On  est  prié  d’envoyer  les  manuscrits  destinés  à  la  rédaction  à  l’adresse  suivante: 

Acta  Botanica ,  Budapest  502 ,  Postafiók  24, 

Toute  correspondance  doit  étre  envoyée  à  cette  mème  adresse. 

Le  prix  de  l’abonnement  est  de  $  32.00  par  volume. 

On  peut  s’abonner  à  l’Entreprise  du  Commerce  Extérieur  « Kultura »  (1389  Buda¬ 
pest  62,  P.O.B.  149  Compte-courant  No.  218-10990)  ou  à  l’étranger  chez  tous  les  repré. 
sentants  ou  dépositaires. 


iActa  Botanica)  nyOjiHKyioT  TpaKTaTbi  ii3  oOjiacTH  6ot3hhkh  Ha  pyccKOM,  aurjiHHCKOM, 
(J)paHIty3CK0M  H  HeiVieiJKOM  H3bIKaX. 

« Acta  Botanica»  BbixoAflT  OTACJibHbiMH  BbinyCKaMH  pa3noro  ofrbeMa.  HecKOJibKO 
BbinyCKOB  COCTaBJlHIOT  OAHH  TOM. 

npeAHasHaneHHbie  rjih  ny6jiHKaitnn  pyKonucH  cneAyeT  HanpaBJiHTb  no  aApecy: 

Acta  Botanica ,  Budapest  502 ,  Postafiók  24, 

Fio  3T0My  >ne  aApecy  HanpaBJWTb  BCHKyio  KoppecnoHAeHijHK)  rjih  peAaKijHH  h  3amh- 
HHCTpai;HH.  noAnncHan  uena  —  $  32.00  3a  tom. 

3aKa3U  npuHHMaeT  npeAnpHHTne  no  BHeniHen  ToproBJie  « Kultura %  (1389  Budapest 
62,  P.O.B.  149.  TeKyujHH  cneT  218-10990),  hjih  ero  3arpaHHHHbje  npeACTaBHTejibCTBa 
n  ynojiHOMOHeHHbie. 


Reviews  of  thè  Hungarian  Academy  of  Sciences  are  obtainable 
at  thè  following  addresses: 


AUSTRALIA 

C  B.D.  LIBRARY  AND  SUBSCRIPTION  SERVICE 
Box  4886,  G.P.O.,  Sydney  N.S.W.  2001 
COSMOS  BOOKSHOP,  145  Ackland  Street,  St. 
Kilda  (  Melbourne) ,  Victoria  3182 

AUSTRIA 

GLOBUS,  Hòchstàdtplatz  3,  1200  Wien  XX 
BELGIUM 

OFFICE  INTERNATIONAL  DE  LIBRAIRIE,  30 

Avenue  Marnix,  1050  Bruxelles 

LIBRAIRIE  DU  MONDE  ENTIER,  162  Rue  du 

Midi,  1000  Bruxelles 

BULGARIA 

HEMUS,  Bulvar  Ruszki  6.  Sofia 
CANADA 

PANNONIA  BOOKS,  P.O.  Box  1017,  Postai  Sta¬ 
tion  ”B’\  Toronto,  Ontario  M5T  2T8 
CHINA 

CNPICOR,  Periodical  Department,  P.O.  Box  50, 
Peking 

CZECHOSLOVAKIA 

MAD’ARSKÀ  KULTURA,  Nàrodnl  tfida  22, 
115  66  Praha 

PNS  DOVOZ  TISKU,  Vinohradskà  46,  Praha  2 
PNS  DOVOZ  TLACE,  Bratislava  2 
DENMARK 

EJNAR  MUNKSGAARD,  Norregade  6,  1165 

Copenhagen 

FINLAND 

AKATEEMINEN  KIRJAKAUPPA,  P.O.  Box  128, 

SF-00101  Helsinki  10 

FRANCE 

EUROPERIOPIQUES  S.  A.,  31  Avenue  de  Ver¬ 
sailles,  78170  la  Celle  Si  - Cloud 
LIBRAIRIE  LAVOISIER,  11  rue  Lavoisier,  75008 
Paris 

OFFICE  INTERNATIONAL  DE  DOCUMENTA- 
TION  ET  LIBRAIRIE,  48  rue  Gay-Lussac,  75240 
Paris  Cedex  05 

GERMAN  DEM O CR ATI C  REPUBLIC 
HA  US  DER  UNGARISCHEN  KULTUR,  Karl- 
Liebknecht-Strasse  9,  DDR-102  Berlin 
DEUTSCHE  POST  ZEITUNGSVERTRIEBSAMT, 
Stiasse  der  Pariser  Kommilne  3—4,  DDR-104  Berlin 

GPERMAN  FEDERAL  REPUBLIC 

KUNST  UND  WISSEN  ERICH  BIEBER,  Postfach 

46,  7000  Stuttgart  1 

GREAT  BRITAIN 

BLACKWELL’S  PERIOD1CALS  DIVISION,  Hythe 
Bridge  Street,  Oxford  0X1  2EU 
BUMPUS,  HALDANE  AND  MAXWELL  LTD.f 
Cowper  Works,  Olney ,  Bucks  MK46  4BN 
COLLET’S  HOLDINGS  LTD.,  Denington  Estate, 
Wellingborough,  Northants  MN8  2QT 
WM.  DAWSON  AND  SONS  LTD.,  Cannon  House, 
Folkestone ,  Kent  CTI  5EE 

H.  K.  LEWIS  AND  CO.,  136  Gower  Street,  London 
WC1E  6BS 

GREECE 

KOSTARAKIS  BROTHERS,  International  Book- 
sellers,  2  Hippokratous  Street,  Athens-143 

HOLLAND 

MEULENHOFF-BRUNA  B.V.,  Beulingstraat  2, 
Amsterdam 

MARTINUS  NIJHOFF  B.V.,  Lange  Voorhout 
9  —  11,  Den  Haag 


SWETS  SUBSCRIPTION  SERVICE,  347b  Heere- 
weg,  Llsse 

INDIA 

ALLIED  PUBLISHING  PRIVATE  LTD.,  13/14 
Asaf  Ali  Road,  New  Delhi  110001 
150  B-6  Mount  Road,  Madras  600002 
INTERNATIONAL  BOOK  HOUSE  PVT.  LTD., 
Madame  Cama  Road,  Bombay  400039 
THE  STATE  TRADING  CORPORATION  OF 
INDIA  LTD.,  Books  Import  Division,  Chandralok, 
36  Janpath,  New  Delhi  110001 
ITALY 

EUGENIO  CAR LUCCI,  P.O.  Box  252,  70100  Bari 
INTERSCIENTIA,  Via  Mazzé  28,  10149  Torino 
LIBRERIA  COMMISSIONARIA  SANSONI,  Via 
Lamarmora  45,  50121  Firenze 

SANTO  VANASIA,  Via  M.  Macchi  58,  20124 
Milano 

D.  E.  A.,  Via  Lima  28,  00198  Roma 
JAPAN 

KINOKUNIYA  BOOK-STORE  CO.  LTD.,  17-7 
Shinjuku-ku  3  chome,  Shinjuku-ku,  Tokyo  160-91 
MARUZEN  COMPANY  LTD.,  Book  Department, 
P.O.  Box  5050  Tokyo  International,  Tokyo  100-31 
NAUKA  LTD.  IMPORT  DEPARTMENT,  2-30-19 
Minami  Ikebukuro,  Toshima-ku,  Tokyo  171 
KOREA 

CHULPANMUL,  Phenjan 
NORWAY 

TANUM-CAMMERMEYER,  Karl  Johansgatan 

41-43,  1000  Oslo 

POLAND 

W^GIERSKI  INSTYTUT  KULTURY,  Marszal- 

kowska  80,  Warszawa 

CKP  I  W  ul.  Towarowa  28  00-958  Warsaw 

ROUMANIA 

D.  E.  P.,  Bucurefti 

ROMLIBRI,  Str.  Biserica  Amzei  7,  Bucurefti 
SOVIET  UNION 

SOYUZPETCHATY  —  IMPORT,  Moscow 
and  thè  post  offices  in  each  town 
MEZHDUNARODNAYA  KNIGA,  Moscow  G-200 
SPAIN 

DIAZ  DE  SANTOS,  Lagasca  95,  Madrid  6 
SWEDEN 

ALMQVIST  AND  WIKSELL,  Gamia  Brogatan  26, 
S-101  20  Stockholm 

GUMPERTS  UNIVERSITETSBOKHANDEL  AB, 

Box  346,  401  25  Goteborg  1 

SWITZERLAND 

KARGER  LIBRI  AG,  Petersgraben  31,  4011  Basel 
USA 

EBSCO  SUBSCRIPTION  SERVICES,  P.O.  Box 
1943,  Birmingham,  Alabama  35201 
F.  W.  FAXON  COMPANY,  INC.,  15  Southwest 
Park,  Westwood ,  Mass.  02090 
THE  MOORE-COTTRELL  SUBSCRIPTION 
AGENCIES,  North  Cohocton,  N.  Y.  14868 
READ-MORE  PUBLICATIONS,  INC.,  140  Cedar 
Street,  New  York,  N.  Y.  10006 

STECHERT-MACMILLAN,  INC.,  7250  Westfield 

Avenue,  Pennsauken  N.  J.  08110 

VIETNAM 

XUNHASABA,  32,  Hai  Ba  Trung,  Hanoi 
YUGOSLAVIA 

JUGOSLAVENSKA  KNJIGA,  Terazije  27,  Beograd 
FORUM,  Vojvode  Mi§tfa  1,  21000  Novi  Sad 
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